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PERCOL E10
ARIORIC FLOCCULANT

DESCRIPYION

PERCOL E0 s & very high molecular weight siigntly andonic polyacrylamide flocculant supplied as
a free flowing granular powger,

PRINCIPAL. USES

PERCOL E1D has fourd application in @ wide veriety of mineral processing operaticns lacluding the
following:

Acid leach OG0 (Uranium)

Potash slimes clarification amd dewalecing

fMcid Jeach OO (Copper)

Acid lesch {Zine)

Iren gre tallings clarification

Base metul concentrate thickening and filtration.
+ Deep cone thickening of cosl tailings

A -

O\ A P oo

Dosage depends upon the applicalion but normally
lias in the range 2 ¢gm to 200 gm par toone of dry
substrate flocculated,

TYPICAL PROPERTIES c Appacant Viscoslty - Concemitation Graph

Fysical faIm ee.veiann reeatnite gran‘ular powgst ‘; {Faan Visgmvratur w Sheer Rute ‘."5 wo=T}

Particle slZe. e iiaiiiiiiniiiinnes 98%K.L 750 M

Bulk densdty-.ccriivanirriiiniicicacneas 0. 5=00.5 006

pH of 1% solution @ 25%C....oavviiiiai s s+ 3.0=4.0 800 1

Vizcosity at 259C........ tisarsareeeso5ge graph 700 -
and table ovearisaf

APPLICATION ANDG STORAGE

Stock solutdon, ., ... ........ L0.25 Lo 0.9%% max.
Feed solution ,,.,.........0.025 to 0.05K max,
Recommended storage periods:
Solid, ., i up to two years 100
Stock solutiovh, ... .., . Lol 3 ta & days

, 500

Recommended solution concentrations: 50
300

200

Sterage of polymer should be 1n a caol, gry piace, 2 o4 o0& 08 10

Jetoils on preparation ang feeding cat be obtained
feom an a)lied Collolds represemtative, PERCOL E10 CONECENTRATION (X}
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ALLILLY OO CrDE (CARADAY ING
TEAUTOMATI NaD VLR i
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SOLUTION VISEASITY DIATA
(Fann Viscometer ~ 25°C - jolvent — delonised water)

Streae
rate
fsecm 1y 4.9% 9.90 165 330 495 989

FERCOL

£10 Viscouty

SORCENL SLion {Cpd}

{%)

1.0 690G 620 157 85 89 62
ns 250 175 39 33 14 32
0.25 %0 s} 18 14 12 12
i L1} 50 50 @ 7 G S

SHIPPIMG AND HANDL ING

PERCOL €10 is suppliec In 25Ky polysthylene-lined, multi.walled bags. PERCOL £10D has & low order of
toxicity end no special preceutiony are motcssary in handling,

Corresivity towprds most standavy muleclal of corstruction is low, buf aluminum and galvanized sgulprent
should be avolided.

TECHNICAL SERYICE
Advice and assistance In the rumning of laboratory and plant tests to select the carpest Flocculent

und determlne the best application ls glven by represenLulives of Allled Collelds, who are experienced
in mireral processing applications.

PERCOL 15 the registered trade mams of Allied Colloids,

HEALTH AND SATETY INFORMATION

PERCOL ED exhibits & very low order of oral toxicity ang does not present any dbonormal problems in
its handling or genatal uoe.

Full detatls on Healih and Safety sspects are available on request,

WARAANTY

The information contained in this leafiet §5 ylven in good fatth, but no Jlability s assumed nor is
frecdom frum oy patent owned by Allied Collotds ar others implieg,
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I, _PRODUCT JDEN]TFICATION

TRt R,

Hanufactuear: Tastritutors
ALLEED EOLLOIHS LTD, ALLIED COLLOIDE (CaxADAY INC,
#.0. Box 38, LI Automatic Road,
Low Hoor, «est Yorkshire, Braspton, Ontario
Pragford, 8012 G4l 145 Kb
ENOLAND Tel.: 011-44=214-471247 Energency Tel.: (4140 793-9473 *
a . & oy
Product Nises PERCOL ELO N g
Product Type: Ceopoiyeer of sodiue scrylate and acrylaaide
I11. _HAZARDOUS INGREDIENTS
[HGREDIENTS £AS NUMBER LONCENTRATION LOS0/L050
No hazardous (ngeedients as per requlations
111 PHYSICAL PROFPERTIES
dpgmarance and Odour: White free flowing pomder
Density: 0.8 §/cw® Ddour Thrpshald: not avpilable
Specifie Bravity: not available Yapour Pressures not available
Vepour Density: not available Evaporation Rate: not available
bolling Pein: not available Freering Point: not aveilable
gh Yalue! not availabie torfd. of water/pil digh.s not available

IV. FIRE AND EXPLOSION HAZARD

Conditions of Flaasadbility: Very low risk.

Flash Ppint (eethod of determination] - none pchinrted
LEL, VEL - not applicable

futo-igrition teaparsture: not availadls

Fleomabiltty Clsysifications not spplicable

Hazerdous Combustinn Products: none
Explosion Datas not applireble

EXTINGUISHING MEDIA and SPECIAL FIRE FIGHTING PROCEDURES
Carhon diexide, dry chemical, {oae
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V., REAGTIVITY

Haterigly to Aveid

hvoid contact with strong seidests,

-

Ghatilitys

This product is stable snd will not react vislently with xater. Herardous polywerization will nat
DOCUF.

Hazgrdcus Decoappsstion Products:
none

VI, TOXICOLOBICaL FROPERTIES OF PRODUCT

RALARD STATEMERTS

Kature of Hagzaed:

This progutt héi haen detersined to be nenvhezargous In accordance with ZREFR 1910.1200¢ howkver,
a5 with any chasical this product should be hendied with qood indusirial hygiene and safety
prectices as set forth in the asterisl salety data sheet,

Prinary roubsp of ry;
ingestion, inhaletien

Effspts of Acute Expopyrg: (Signs and sysptoss of expasure!
Not appliceble.

Ettecks of Chronic sxpouutgt
None

Gapgsure Limit:
ACBIKY none i $okA PEL:  none KFRS Recommended: nene

Carginposnicity Detersination by 17, [ARC, B3HA: tone

Sensitization of Product: not as seavilizer
Syaergistic Naterialss nome raported
Reproguttive Toxicity: not aveileble
Terataqenicity: not available
Rutagenicity: not available

V11, BREVENTIVE MEQSURES

f, PROTECYIVE EQUIPKENT

Eye Protactipnt

Use splash qoggles or {acy shield nhen eye tontact way becur,

Skin Protectien:

Use gloves, if needed, te #voi8 pralonged or repected skin tontact,

fespyratory Bratection:

Normally not needed, use dust eask of needed to prevest inhalation of airbarne particles.

Ventilstion:

Pravigs cdfquatr ventilation to einisize dust inhalation,

PEACOL £10 2

LTIy
—
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7. FPERSORAL HYS{ENE
Blaleite breathing Bust. Avoid prolonged or repeated breathing of dust ant tontact with skin.
Resove conteminated clothing; launder our dry-clean befors reuss, Cleanse skin thoroughty after
contacty defore breaks snd weals and at end of work perind. Product s readily repoved from skin
by waghing thoroughly with soep and wster,

3. PRECAUTIONARY STATEMENTS
Oust generated in handling of thit proguct can be explosive if suiéizient quantities afw mixed in
&ir in which cese 1gnition sowrces showid be avoided,

4, BFILLS, LERKS

Product mey create ¢ Slip hazard when nixed with water, $pills should be dealt with issveiately.
Spille of dry product preseat a slip hazard when wet an¢ should be clesned up imaesiate)y. Do net
wet 5pills of dry product.  Sweep up dry and flush spill area wmith weler,  Spitie of d1late
sclutions may be flushed with copious asounte of water, or alternstively, they say be apsorbes
wiih an inert saterial wuth as earth or speedi-gry ang contained for disposal. The produtt or (s
spivtipne should not be dllowed to enter waterways without freatsent, Product should be disposeq
8f 1h accordance with eppiiceble feveral, provintial and local regulationt.

Y111, ENERRENCY ANQ FIRST ALD PRICEIURES

EVE £ONYACT
H splashed {nto the eves, flush with ciear water for 2 ajnutes or until {rritation subsides. !4

irritation persists, call a physician,

 INBESTION
If ingestad, give emetic and deak wegical advice,

*

IX. PREPARATION INFORMATION

Person to contpels Yrixte Schultz,  Qccuprtiona) Health and Safety Departesnt
Prepared Byi :&av::uui Vi Bate Revised: 11-03~B8

The inforsstion and recomaendations conteined herein ary, Lo the best of Allies Colloids’
knowledge and beligf, etturste and relishie a= of the date iswued, Allied Colloles doen net
warrant or quarantee their ateuracy or reliability, and Allied Calioids shall not he liahle for
any 1oss or demage awrising out of thedr use Lhereei,

the ipforadtion and recomsendations are offered for the users' consideratica and premination, and

it is the users’ responsibility to setisfy itsedf that they wre suitable and coaplete for ity
particulgr yse,

PERLOL E10 “3
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APPENDIX B - CLIMATOLOGICAL DATA

This appendix contains the climatologic data derived for the
site and used in assessing project water balance and hydreologic
design of facilities.

Mean annual precipitation was derived using data for Palmer,
Alaska obtained via computer modem through the Scoil Conservation
Service (SCS) in Portland, Oregon and applying an elevation

correction to extrapolate to the site.

Mean annual evaporation was derived using data from Matanuska
Agriculture Experimental Station and ©Palmer and regional
information obtained from the National Weather Service (Technical
Publications NWS 33 and NWS 34),

Site runoff was derived using data obtained from the SCS
database for the Little Susitna River and regional atlases of

Alaska and Canada for developing precipitation/runoff relationship.

Recurrence interval storm events, including the 100-yr storm,
were derived using daily precipitation data for Palmer obtained
from the SCS database. These data were analyzed using a Pearson
Type 1 Extremal Distribution technigue (Chow, 1964) to produce a

storm precipitation depth versus recurrence interval curve.



TABLE B-1
PRECIPITATION AT PALMER

TAYS Station @ PALMER IAS, 6870
start yr. — 1949 end yr. - 1988

' Temparature ! Precipitation

1 e e e e tst e vm s e At i . o i . . e s e A L. S PR, T T VY e T T e S e s e b e e At St i i v s Y e S o S . . S o S i i A S R T

H [}

! ! : 12 years 1n 10| ; 12 oyrs in 10)

! | ' I will have | avg | P will have | average

j - e e | e ino. of | e i number of

Month Lavg b oavg | avg o max | min lgrow'n! avg | less! more! days with

ldailyidaily, ! temp. | temp. degree| U than! than{ 0.10 inch

yomax |} omin | ' >than! <than|days* ({in.}{(in.) {in.)} or more
January L 20.0) 3.9 11.9) 47 | -29 1) 0,91 0.25] 1.49) 2
February | 26.4! 8.9 17.7{ 47 | =-21 | 1| 0.68] 0.21} 1.10| 2
March | 34.0! 15.1! 24.6] 53| =15 2 | 0.53} 0.25] 0.87] 2
April | 45.1) 27.10 36.11 60 [ 8 21 | 0.61} 0.16] 1.03} 2
May | 56.9) 36.5) 46.7] 74 ] 24, 210 | 0.67) 0.24, 1.06, 2
June | 64.2! 44.6! 54.4! 80 | 35 | 419 | 1.37} 0.75] 1.92] 4
July | 66.4! 48.1! 57.2) 8l | 39 | 537 ) 2.20) 1.26} 3.04] &
August | 64.3) 46.7) B5.5] 78 | 32 | 463 | 2.37] 1.10; 3.46 &
September | 56.4! 38.9! 47.6) 68 | 22 | 228 ) 2.34] 1.10; 3.41) &
October | 41.7! 26.2) 34,0/ 59 | 11 35| 1.48] 0.72) 2.14] 4
November | 28.2) 13.1) 20.7) 51 ! -13 | 4} 1.0} 0.32] 1.68, 3
December | 21.10 6.2] 13.7) 47 | =26 | 1 | 1.0l] 0.46] 1.49, 3
wwwwwwwwww B R e e Rt
__________ b v e wm e e | v o o e B e i v | rm e o I o i bt i et § e e v mae F ot e e oo e i st i b o e i sann o e e i

i L ] i i 1 1 L] 1 1]

Yaarly yrm——— - jrem— i ——— |- o | o j | e e
mmmmmmmmmm LS RN (U [UUOUIUROUO [T Frmmee Ve v m e | v | Y
1 ] 1 t | L] ] i ] 1

Average | 43.7F 26.3, 35,0 w--- R e I B ot R ——
__________ [V DU SRR [N S T o mn e | oo e e | o e e et i
1 ' } 1 i L] 1 | t }

Extrems ! 87, -38) --— | 84 | =37 ) eeem s ] e ) e ———
__________ [ S ST [NV TR Ve Ve v o | E T SV,
| L] i 1 1 1 i 1 1 1
Total e i b Do L 1G22 i 42

1 i 1 1 1 ] 1 i
t i ] 1 1 [} 1 1

i e e e ot e o s i e . o i . A i T AR VIR T T Srim e Y o e i ek ki ki Sk e Aok T VI TR PR Y Wk ke S e e T o WAk SR TR Ak S S T T i S i e s o ok WA T R T AT e s e

¥ growing degree day is a unit of heat available for plant growth.
It can be calculated by adding the maximum and minumum daily temperatures,
dividing the sum by 2, and subtracting the temperature below which growth
is minimal for the principal crops in the arsa (Threshold @ 40.0 deg. F)



TABLE B-2

ESTIMATED MONTHLY PRECIPITATION FOR THE MINE SITE,
BUFFALO CREEK, AND THE LITTLE SUSITNA RIVER
BASED ON DATA FOR PALMER AND ELEVATION CORRELATIONS

PRECIP*
MONTHLY PRECIP*
% MEAN BUFFALO MONTHLY
ANNUAL CREEK SITE LITTLE
MONTH PRECIPITATION (28") (24™) SUSITNA
Jan .06 1.68 1.44 3.00
Feb .045 1.26 1.08 2.25
Mar .035 0.98 0.84 1.75
Apr .04 1.12 0.96 2.00
May .044 1.23 1.06 2.20
Jun .09 2.52 2.16 4.50
Jul .145 4.06 3.48 7.25
Aug .156 4.37 3.74 7.80
Sep .154 4.31 3.70 7.70
Oct .097 2.72 2.33 4.85
Nov .066 1.85 1.58 3.30
Dec .066 1.85 1.58 3.30

*ETevation correlations from Palmer Site.

B.C. Area = 446 acres = 19.4 x 10° ft?

Mean Annual Precipitation
{in inches)

Palmer Elevation 225 ft 15.2
Site Elevation 1000 ft 24
Buffalo Creek Elevation 1400 ft 28

Little Susitna Elevation 3700 ft 50



TABLE B-3

PAN EVAPORATION DATA FROM PALMER AND THE
MATANUSKA AGRICULTURAL EXPERIMENT STATION

PAN EVAPORATION (INCHES)

MONTH MATANUSKA PALMER
May 4.62 (.232) 5.05 (.259)
Jun 4.38 (.220) 4.77 (.245)
Jul 4.16 (.209) 4.66 (.239)
Aug 3.16 {.159) 3 (.154)
Sep 1.95 (.098) 2 (.103)
Oct 1.61 (.081) -

19.88 (1.000) 19.48 (1.000)

For the site, say May through October, pan evaporation = 20 inches.

Typical ratio of May through October evaporation to annual is
approximately 80% (based on rough regional evaporation mapping in
some of the colder U.S. states National Weather Service Technical
Reports 33 and 34, 1982).

Mean annual pan evaporation is approximately 25 inches.

Assuming a pan coefficient of 80% ---> mean annual FWS evaporation
= 20 inches.



TABLE B-4
WISHBONE HILL SITE EVAPORATION

MONTH PAN EVAPORATION (INCHES) LAKE EVAPORATION (INCHES)
Jdan 0.8 0.6
Feb 0.8 0.6
Mar 0.8 0.6
Apr 0.9 0.7
May 4.6 3.8
Jun 4.4 3.5
Jul 4.2 3.4
Aug 3.2 2.6
Sep 2.0 1.6
Oct 1.6 1.3
Nov 0.9 0.7
Dec 0.8 0.6

TOTAL 25.0 20.0

May through October based on Matanuska Dist. and 20-inch pan

evaporation. November through April evaporation assumed relatively
uniform.



TABLE B-5
TION SPREADSHEET
DAILY PRECTP DEPTHS (INCHES) ° Cn CALLULA H
PAIMER IAS RECORDING GAUGE
P.0.R.=1949-1988

EST.NO.DAYS NO DATA 1,072 P.O.R. 31-Aug-49

EST.NO.DAYS 0 PREC 9,990 31-Dec-88

ABBREVIATED SPREADSHEET VER. NO. DAY¥S 14,367.000

R.I.(yr) T K (FOR PLOTTING ONLY)
100 36525 7.7 0 1
50 18263 7.2 0 1
25 9131 6.7 8] 1
10 3653 5.9 0 1

4

SORT.PREC. RANK T LOG PREC K LIN REG
2.67 1 13,296 0.43 7.0 -0.696 b
2.50 2 6,648 0.40 6.4 0.161 m
2.21 3 4,432 0.34 6.1
1.60 4 3,324 0.20 5.9 SUMMARY
1.57 5 2,659 0.20 5.7 RkkhkkEhkhk Rk Rk hrdr ok hhhhhrkdks
1.45 6 2,216 0.16 5.6 EVENT PRECIP LOG PREC
1.42 7 1,899 0.15 5.4 100 3.58 0.55
1.40 8 1,662 0.15 5.3 50 2.93 0.47
1.37 9 1,477 0.14 b.2 25 2.39 0.38
1.35 10 1,330 0.13 5.2 10 1.84 0.26
1.35 11 1,209 0.13 5.1 1 0.00
1.30 12 1,108 0.11 5.0
1.26 13 1,023 0.10 5.0
1.25 14 950 0.10 4.9
1.22 15 886 0.09 4.8
1.22 16 831 0.08 4.8
1.20 17 782 0.08 4.7
1.14 18 739 0.06 4.7
1.13 19 700 0.05 4.7
1.12 20 665 0.05 4.6
1.10 21 633 0.04 4.6
1.10 22 604 0.04 4.5
1.08 23 b78 0.03 4.5
1.08 24 554 0.03 4.5
1.07 25 532 0.03 4.4
1.06 26 511 0.03 4.4
1.02 27 492 0.01 4.4
1.01 28 475 0.00 4.4
1.00 29 458 0.00 4.3
1.00 30 443 0.00 4.3
1.00 31 429 0.00 4.3

Based on daily data for Palmer cbtained from the Soil Conservation Service
computer database via computer modem. Attached graph shows plot of storm events.
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APPENDIX C
PROJECT WATER BALANCE CALCULATIONS



APPENDIX C - PROJECT WATER BAILANCE CALCULATIONS

This appendix contains the facilities water balance
spreadsheets, slurry pond sizing calculations, and sediment pond
gross annual mass balance spreadsheets for all sediment control

ponds.

The water balance was evaluated for normal, wet, and dry years
to assess pond sizing and water supply needs for the facilities
area ponds. The water balance was derived using a SMART spreadsheet
with calculations developed by SRK.

The sediment pond mass balance was evaluated to assess pond
sizing and maintenance (sediment removal) needs utilizing normal
climate, the SECAD results of Appendix D, and the infiltration
results of Appendix T.

The slurry pond sizing calculations were based on plant
operating criteria provided by McKinley Mining Consultants Inc.
(MMCI) and laboratory ceolumn settling tests and consolidation
testing (Appendix K).



APPENDIX C.1
SUPPORT FACTLITIES WATER BALANCE



10.

CALCULATIONS FOR SLURRY POND CAPACITY

Total hours plant operation - 70,365 (from McKinley Mining Consultants,
Inc. (MMCI)).

Fines production: 210 TPD (from MMCI - based on 20-hr day)
= 10.5 ton/hr

Total fines production (1) x (2) = 738,832.5 tons.
Assume 63 pcf for average deposited density based on lab test results

ranging from 58 to approximately 70 pcf (see Appendix K for column settling
and consclidation testing).

Volume of fines (3}/(4) x C; C = 2,000

23,455,000 cu ft

Storage elevation for estimated fines production: from height-capacity
curve ---> 855.5 ft.

Maximum storage elevation for surplus water is approximately 863 ft.
Total storage at elevation 863 ft is approximately 30,551,134 cu ft.
Net available water storage is approximately (8) - {5) = 7,096,134 cu ft.

STurry pond catchment area is approximately 72 ac +.



EXPLANATION OF SPREADSHEET COLUMNS

Slurryv Pond Water Balance

1.

10.

11.

12,

DATE - The month and year under consideration.

SOLIDS/cum. - Cumulative tally of the fine coal waste
deposited into the slurry pond. Rates are based
on a production rate of 210 tons/day and a
deposited density of 63 pounds/ft3.

FREEWATER - Slurry water minus the moisture retained in the
voids of the fine coal waste.

PRECIP - Direct precipitation for the month on the
slurry impoundment area.

RUNOFF - Runoff from the catchment area tributary to the
pond from precipitation for the month (assuming
50% runoff rate).

INITIAL STORAGE - Calculation of monthly water inflow for
determination of water pool area for loss
calculation. Determined by adding columns 3,
4 and 5,

INITIAL POND AREA - Area of water pool based on column 6
(initial storage) and slurry pond height-
capacity data for use in seepage and
evaporation loss calculations.

SEEPAGE - Potential seepage loss from the slurry pond
pased on subsoil and coal slurry infiltration
rates (subsoil rates were used for the first
year and slurry rates were used for following
years) .

EVAPORATION - Evaporation from the slurry pond water pool
based on 1initial pond area and monthly
evaporation data.

POND RECIAIM - Water available from the slurry pond for
recycling.

RECOVER AND RECYCLE - Not applicable since column 10 always
is zero.

NET STORAGE - End of month water storage.



Fresh Water Pond Balance

1. DATE - The month and year under consideration.

2. WATER FRM BUFF CR - Estimated Buffalo Creek flow at the
diversion intake (see CK RO under
Climate/Hydrology parameters.

3. PRECIP =~ Direct precipitation for the month on the lined
pond area of both ponds.

4. RUNOFF - Runoff from the catchment area tributary to the
ponds from precipitation for the month
(assuming 50% runoff rate).

5. EVAP - Evaporation over the lined pond areas. Based
on monthly evaporation data.

6. WASH CIRC - Make-up water to be pumped to the coal wash
circuit.

7. BUFF CR MAKEUP - Additional makeup water required to maintain
storage in the ponds.

8. STORAGE - Total end of month storage at both ponds.

9. WASH PLANT DEFICIT - Calculated shortage at the wash plant (if
any) .

Wash Down Water Pond

1. PRECIP - Monthly precipitation over the lined pond area.

2. RUNOFF - Runcff from the catchment area tributary to the
pond from precipitation for the month (assuming
50% runoff rate).

EVAP - Monthly evaporation over the lined pond area.

4. SEEPAGE - Pond seepage (since pond is lined seepage is
always equal to 2Zero).

5. BALANCE - Sum of inflows and losses.

6. DUST SUPP'N -~ Water taken from the wash down water pond as
needed for dust contrel and to maintain pond
level below freeboard level (estimated at 14
gpm) .

7. POND STORAGE - Wash down water pond storage volume after

summing all inflows and losses.
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APPENDIX C.2
SEDIMENT POND MASS BALANCE SUMMARY



WISHBEONE HILL MINE PROJECT
SEDIMENT POND MASS BALANCE SUMMARY 17202

SEDIMENT POND 1

CATCHMENT AREA
POND SURFACE AREA
PFOND STORAGE CAPACITY

MEAN ANMUAL PRECIP
MEAN ANNUAL RUNCFF
MEAW ANNUAL SEDIMENT
100YR STORM SEDIMENT
100YR ST0RM RUNOFF

POND INFILTRATION

114

46

O7/31/89

ACHES
ACRES
ACRE FT

N
IN
ACHE FT
ACRE BT
ACHE ¥T

CM/SEC
FL/YR

&’

1991
1992
1983
1994
1885
1996
1597
1998
1989
2600
2001
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SEDIMENT POMND 2

CATCHMENT AREA
POND SURFACE AREA
POND STORAGE CAPACITY

MEEAN ANNUAL PRECIE
MEAN ANNUAL RUNOFF
MEAN ANNUAL SEDIMENT
100YR STORM SEDIMENT
LOGYR STORM RUNOFE

POND INFILTRATION

1.E-04
103

07/31/89

ACRES
ACRES
ACRE FT

IN
IN
ACEE FT
ACRE BT
ACRE FT

CH/SEC
FI/YR

TR

1891
1992
1993
1994
1495
1996
1997
19968
1999
2000
2001

POND SED POND WATER
STORAGE  STORAGED

ACEE PT
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10
10
10
16
10
16
0
16
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iz
iz
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i2
1z
iz
12

679
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6875
674
679
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SEDITMENT POND 3

CATCHMENT AREA
PORND SURFACE AREA
POND STORAGE CAPACITY

MEAN ANNUAL PRECIP
MEAN ANNUAL RUNOFF
MEAN ANNUAL SEDIMENT
100YR STORM SEDIMENT
100VR STORM RUNOEF

FOND TNETLTRATION
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W e L

frash
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103
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N
iN
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SELIMENT POND 4

CATCHMENT AREA
FORD SURFACE AREA
POND STORAGE CAPACTTY

MEAN ANNUAL PRECIP
MEAN ANNUAL RUNCFE
MEAN ANNUAL SEDIMENT
100YR STCORM SEDIMENT
100YR STORM RUNCEF

POND INFILTBATION

5
0.2
0.42
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12
.02
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SEDIMENT POND & YR BCND SED PORD WATER POND WATER WATER+SED STORAGEf+ SEDIMENT

STORAGE  STORAGED  SERPAGE  STORAGES STORAGEL I100YR STORM REMOVAL

CATCHMENT AREA 1056 ACRES ACRE FT  ACRE FTI'  ACRE FT  ACRE FT  ACRE FT  ACRE FT ACRE FT

PONE SURFACE ARFA 1.6 ACHES

POND STORAGE CAPACTTY 12,7  ACRE FT 1981 1.6 12 165 & 1.8 12.7 1.6
1992 1.6 iz 165 G 1.6 12.7 1.6
MEAN ANNUAL PRECIP 24 i 1683 1.6 1z 165 G 1.8 id.7 1.6
MEAN ANNUAL RUNOFF 12 IN 1994 1.6 iz 165 o 1.6 12.7 1.6
MEAN ANNUAL SEDIMENT 1.6 ACRE FT 19856 1.6 12 185 0 i.6 12,7 1.6
I00YR STORM SEDIMENT 1.8  ACEE FT 1996 1.6 1z 165 g 1.6 1z.7 1.8
100YR STORM RUNCEFF 4.3 ACRE FT 1897 1.6 iz 165 0 1.8 12,7 1.6
1998 1.8 1z 1656 ¢ 1.6 2.9 1.6
POND INFILTRATTION 1.E-34 OM/SEC 1998 1.6 12 165 G 1.6 12.7 1.6
103 FI/YR 2000 1.8 12 165 g 1.8 12.7 1.6
2001 i.8 1z 166 O 1.6 12.7 i.6
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SEDIMENT PORD 6 YR POND SED POND WATER POND WATER WATER+SED STORAGEL+ SEDIMENT

STORAGE STORAGEL  SEEPAGE STORAGES STORAGES L0OYR STORM REMOVAL

CATCHMENT AREA 4 ACRES ACRE FT  ACRE ¥T ACRE FT  ACRE FT'  ACRE FT  ACRE FT ACRE FT

POND SURFACE AREA 1.1 ACHES

POND STORAGE CAPACITY 4.6 ACRE ET 1991 0.8 12 118 it 0.8 4.6 0.8
1582 6.8 12 118 O 0.8 4.8 0.8
MEAN ANNUAL PRECIP 24 IN 19983 7.8 12 113 0 0.8 4.6 g.8
MEAN ANNUAL RUNOFF 1z IN 1994 0.8 12 119 G G.8 4.6 0.8
MEAN ANNUAL SEDIMENT 0.8 ACHE FT 1985 0.8 12 118 it 0.8 4.8 G.8
100YR STORM SEDIMENT 3.3  ACEE FT 1396 0.8 1% 118 0 G.8 £.6 G.8
1OGYR STORM RUNOFF G.5  ACEE ET 1887 0.8 12 119 0 G.8 4.6 0.8
1998 G.8 12 119 0 6.4 4.6 .8
POND INFILTRATION 1.E~04 CM/SEC 1999 G.8 12 118 0 0.8 4.6 0.8
163 FI/YR 2000 0.8 12 119 O G.8 4.8 G.8
2001 0.8 12 119 O G.8 4.6 .8
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SEDIMENT POND 7

CATCHMENT AREA
POND SURFACE AREA
POND STORAGE, CAPACTTY

MEAN ANNUAL PRECIP
MEAN ANNUAL RUNOFF
MEAN ANNUAL SEDTMENT
100YR STORM SEDIMENT
1G0YR STORM RUNOFE

POND INFILTRATION
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APPENDIX D — SEDIMENT POND DESIGN CALCULATIONS

This Appendix contains the calculations used for designing the proposed sediment ponds for the life of
the project. Materials included in this Appendix are:
e SEDCAD summary printouts;
Average annual sediment generation calculations;
Watershed data including areas, slopes, distances, etc.;
Pond emergency overflow channel sizing calculations; and
Sediment control ditch sizing calculations.

Table D.1-1 provides a summary of the 100-yr storm runoff and sediment load and average annual
sediment yield for each proposed sediment pond.

SEDCAD, which was largely developed at the Agricultural Engineering Department of the University of
Kentucky, is a widely accepted standard for sediment pond design for coal mines. Updates to SEDCAD
program have been made and 2010 build of the SEDCAD4 model was used for the permit update.
SEDCADA4 is a licensed product of Civil Software Design of Lexington, Kentucky.

Input parameters for SEDCAD include catchment areas, lengths and slopes, SCS curve number, storm
type and storm precipitation, soil characteristics including grain size distribution, specific gravity, soil
erodibility factor and control practice factor, and Muskingum routing parameters. The program calculates
various runoff and sediment load information including runoff volume, peak discharge, and sediment
yield.

Average annual sediment calculations were done using the Universal Soil Loss Equations (Barfield et al,
1981).

Emergency overflow channel design calculations are based on the broad-crested weir formula.

Sediment control ditch sizing utilizes the Bentley FLOWMASTER program assuming Manning’s
equation to calculate flow depth.

All flood runoff calculations are based on hydrologic condition AMC II (USBR Design of Small Dams).

The predominant soil types throughout the project area are alluvial sands and gravels, and glacial tills.
Based on field observation and laboratory testing, a USCS classification of SP to GW is common for the
in-situ materials which are anticipated to be exposed in the disturbed (stripped) project areas. As such,
the general classification for the site soils would be Group A — high infiltration/low runoff potential.
These soils would be classified as poor in terms of hydrologic condition for infiltration, and thus merit a
runoff curve number of 68 for pasture or rangeland use. For simplicity, a conservative curve number of 70
has been assumed throughout the disturbed project area. An updated CP factor was used for permit
renewal. Based on the Guidelines for the Use of the Revised Soil Loss Equation(RUSLE) on Mined
Lands, Construction Sites and Reclaimed Lands, a CP of 0.95 was used for fill areas(i.e., stockpiles) and
0.45 was used for cut areas(i.e., pits).

Attached is a working map which delineates the catchment areas for each of the sediment ponds for the
sediment and runoff calculations contained in this Appendix.



SEDCAD was used to analyze peak flow and sedimentation. The design features of the program were not
utilized on this project. As a result, structural component entries are identified as “null” in the program
output. For clarification, the watersheds and sub-watersheds identifiers within the program are label with
corresponding identifiers on drainage area map. (For example: Wishbone Hill Pond 1 is SED Pond 1)
“NULL” structures were selected in SEDCAD because the design of the sediment ponds was done
outside of the program. Structures within SEDCAD do not always refer to a drainage feature, and in this
case were used to identify sub-watersheds.
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TABLE D.1-1

SEDIMENT POND DESIGN SUMMARY

VOLUMES IN ACRE-FT

100-YR STORM
SEDIMENT POND SEDIMENT WATER AVERAGE ANNUAL TOTAL
NUMBER LOAD SEDIMENT YIELD
1 4.69 14.31 14.5 33.5
2 2.28 18.04 10 30.32
3 0.36 1.28 1.6 3.24
4 0.005 0.37 0.02 04
5 0.89 10.26 1.6 12.78
6 0.47 0.63 0.8 1.89
7 0.04 0.05 0.1 0.19
Notes:

1. Assumes soil density of 65 pcf.

2. Ponds 6 and 7 were sized based on an area ratio.




TABLE D.1-2

100-YR FLOOD PEAKS FOR SEDIMENT AND FRESHWATER PONDS

100-YR PEAK FLOW*

POND NO. (CFS)
1 30.53
2 87.58
3 6.09
4 1.66
5 43.75
6 3.97
7 3.97
Fresh Water Pond No. 1 43
Fresh Water Pond No. 2 8

* Assume No attenuation at pond.
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Wishbone Hill Pond 1

This model is designed to replicate model results from the 1990
permit for Wishbone Hill. This model will be used as a check and
for updating of the permit.

The model files from the permit are not available so they must be
re-created.

Brandon A Coleman
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SEDCAD 4 for Windows

Canrinht 10092 _2N1N Damala | Qrhwiah

General Information

Storm Information:

Storm Type: NRCS Type 1
Design Storm: 100 yr - 24 hr
Rainfall Depth: 3.810 inches

Particle Size Distribution:

Size (mm) Wishbone Hill
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%
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Structure Networking:

Type Stru # (ifrl1ct)cv)v)s Stru # M(urf:(S')K Musk. X | Description
Null #1 ==> #4 0.089 0.333| D
Null #2 ==> #3 0.078 0.333
Null #3 ==> #4 0.089 0.333 | E1
Null #4 ==>  #6 0.080 0.333 | D+E
Null #5 ==>  #6 0.080 0333 |C
Null #6 ==>  #8 0.008 0.333 | C+D+E
Null #7 ==>  #8 0.008 0.333 | B
Null #8 ==> #9 0.372 0.185 | B+C+D+E
Null #9 ==> #11 0.000 0.000 | SED Pond 1
Null #10 ==> #11 0.000 0.000 | A
Null #11 ==> End 0.000 0.000 | END
#10
Null
#7
Null
& #5
Null
& #2
Null
& #3
Null
& #1
Null
#4
Null
#6
Null
& #8
Null
#9
Null
#11
Null
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Structure Summary:
ConItr:;g:Jiicﬂ:gt:rea Contrit-)rt?ttiilg Area Dislz:?gl(‘ge To\t/ﬂIE;ZOff Sediment Sez?;I;nt Seti?:akble 24VW
(ac) (ac) (fs) (acft) (tons) conc. conc. (mi/l)
(mg/1) (ml/1)

#10 39.800 39.800 15.18 3.94 1,532.4 437,181 298.96 172.96
#7 33.200 33.200 7.89 3.30 1,674.3 469,969 305.48 208.41
#5 42.500 42.500 10.23 4.23 2,274.0 494,365 321.81 219.48
#2 8.900 8.900 3.83 0.88 7.3 11,816 8.17 4.20
#3 0.000 8.900 3.76 0.88 7.3 11,899 8.23 4.20
#1 19.600 19.600 5.95 1.95 1,144.8 566,163 378.48 242.21
#4 0.000 28.500 8.68 2.83 1,152.1 446,423 298.50 176.60
#6 0.000 71.000 17.53 7.06 3,426.1 473,055 310.74 202.68
#8 0.000 104.200 25.35 10.36 5,100.4 472,891 309.56 204.51
#9 0.000 104.200 25.02 10.36 5,100.4 473,557 310.00 204.50

#11 0.000 144.000 30.53 14.31 6,632.8 442,037 292.32 196.43
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Particle Size Distribution(s) at Each Structure

Structure #10 (A):
Size (mm) In/Out
25.0000 100.000%
4.7500 95.172%
2.0000 82.482%
0.2500 63.448%
0.0750 25.379%
0.0010 0.000%
Structure #7 (B):
Size (mm) In/Out
25.0000 100.000%
4.7500 100.000%
2.0000 100.000%
0.2500 82.669%
0.0750 33.068%
0.0010 0.000%
Structure #5 (C):
Size (mm) In/Out
25.0000 100.000%
4.7500 100.000%
2.0000 100.000%
0.2500 82.116%
0.0750 32.847%
0.0010 0.000%
Structure #2 (E):
Size (mm) In/Out
25.0000 100.000%
4.7500 88.912%
2.0000 77.057%
0.2500 59.275%
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Size (mm) In/Out
0.0750 23.710%
0.0010 0.000%

Structure #3 (E1):

Size (mm) In/Out
25.0000 100.000%
4.7500 88.912%
2.0000 77.057%
0.2500 59.275%
0.0750 23.710%
0.0010 0.000%

Structure #1 (D):

Size (mm) In/Out
25.0000 100.000%
4.7500 100.000%
2.0000 93.719%
0.2500 72.091%
0.0750 28.836%
0.0010 0.000%

Structure #4 (D+E):

Size (mm) In/Out
25.0000 100.000%
4.7500 100.000%
2.0000 93.614%
0.2500 72.010%
0.0750 28.804%
0.0010 0.000%

Structure #6 (C+D+E):

Size (mm) In/Out
25.0000 100.000%
4.7500 100.000%
2.0000 97.853%
0.2500 78.718%
0.0750 31.487%
0.0010 0.000%
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Structure #8 (B+C+D+E):

Size (mm) In/Out
25.0000 100.000%
4.7500 100.000%
2.0000 98.557%
0.2500 80.015%
0.0750 32.006%
0.0010 0.000%

Structure #9 (SED Pond 1)

Size (mm) In/Out
25.0000 100.000%
4.7500 100.000%
2.0000 98.557%
0.2500 80.015%
0.0750 32.006%
0.0010 0.000%
Structure #11:

Size (mm) In/Out
25.0000 100.000%
4.7500 98.885%
2.0000 94.844%
0.2500 76.188%
0.0750 30.475%
0.0010 0.000%
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Structure #10 (Null)
A

Structure #7 (Null)
B

Structure #5 (Null)
c

Structure #2 (Null)
E

Structure #3 (Null)
E1

Structure #1 (Null)
D

Structure #4 (Null)
D+E

Structure #6 (Null)
C+D+E

Structure #8 (Null)
B+C+D+E

Structure #9 (Null)
SED Pond 1

Structure #11 (Null)
END

Structure Detail:
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Subwatershed Hydrology Detail:

) Peak
SWS Area Time of Conc Musk K Curve . Runoff Volume
Stru# WS Musk X UHS Discharge
# (ac) (hrs) (hrs) Number (ac-ft)
(cfs)
#10 1 19.800 0.551 0.000 0.000 70.000 TR55 7.55 1.961
2 20.000 0.551 0.000 0.000 70.000 TR55 7.63 1.981
Yy 39.800 15.18 3.942
#7 1 33.200 1.472 0.000 0.000 70.000 TR55 7.89 3.305
Yy 33.200 7.89 3.305
#5 1 42.500 1.440 0.000 0.000 70.000 TR55 10.23 4.233
Yy 42.500 10.23 4.233
#2 1 8.900 0.389 0.000 0.000 70.000 TR55 3.83 0.876
Yy 8.900 3.83 0.876
#3 Y 8.900 3.76 0.876
#1 1 19.600 0.922 0.000 0.000 70.000 TR55 5.95 1.951
Yy 19.600 5.95 1.951
# Y 28.500 8.68 2.827
#6 E 71.000 17.53 7.059
#8 Y 104.200 25.35 10.364
# Y 104.200 25.02 10.364
#11 Y 144.000 30.53 14.306
Subwatershed Sedimentology Detail:
Peak Peak
SWS ) Sediment Sediment Settleable 24VW
Stru # # Soil K L (ft) S (%) C P PS # conc. Conc
(tons) (ml/1)
(mg/I) (ml/1)
#10 1 0.240 158.00 33.00 0.9500 1.0000 1 761.9 436,963 298.81 172.87
2 0.240 158.00 33.00 0.9500 1.0000 1 770.5 437,398 299.11 173.06
Yy 1,532.4 437,181 298.96 172.96
#7 1 0.240 288.00 37.00 0.9500 1.0000 1 1,674.3 469,969 305.48 208.41
Yy 1,674.3 469,969 305.48 208.41
#5 1 0.240 275.00 39.00 0.9500 1.0000 1 2,274.0 494,365 321.81 219.48
Yy 2,274.0 494,365 321.81 219.48
#2 1 0.240 980.00 0.50 0.9500 1.0000 1 7.3 11,816 8.17 4.20
Z 7.3 11,816 8.17 4.20
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. P_eak Peak
Stu SWS  soilk  L(R)  S(%) c P PS # Si::::)nt Seciment  Setfleable (2:|I/v|\;
(mg/1) (ml/1)
#3 Y 7.3 11,899 8.23 4.20
#1 1 0240 24800 4400 09500 10000 1 1,1448 566,163 378.48 242.21
y 1,448 566,163  378.48 24221
#a Y 1,1521 446,423 29850  176.60
#6 Y 3,426.1 473,055 31074  202.68
#8 Y 51004 472,891  309.56  204.51
#9 Y 51004 473,557  310.00  204.50
#11 Y 6,632.8 442,037 29232  196.43
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Wishbone Hill Pond 2

This model is designed to replicate model results from the
1990 permit for Wishbone Hill. This model will be used as a
check and for potential updating of the permit.

The model files from the permit are not available so they
must be re-created.

Brandon A Coleman
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General Information

Storm Information:

Storm Type: NRCS Type 1
Design Storm: 100 yr - 24 hr
Rainfall Depth: 3.810 inches

Particle Size Distribution:

Size (mm) Wishbone Hill
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%
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Structure Networking:

(flows Musk. K L
Type Stru # into) Stru # (hrs) Musk. X | Description
Null #1 ==> #3 0.000 0.000 | TS Slopes
Null #2 ==> #3 0.000 0.000 | TS Bench/Rd
Null #3 ==> #6 0.000 0.000 | Pits
Null #4 ==> #6 0.000 0.000 | OB 2 Slopes
Null #5 ==> #6 0.000 0.000 | OB 2 Bench/Rd
Null #6 ==> #9 0.000 0.000 | Int I
Null #7 ==> #9 0.000 0.000 | OB 3 Slopes
Null #8 ==> #9 0.000 0.000 | OB 3 Bench/Rd
Null #9 ==> #11 0.000 0.000 | Int 2
Null #10 ==> #11 0.000 0.000 | Misc Pits
Null #11 ==> End 0.000 0.000 | SED Pond 2
#10
4:( Null
#8
4:( Null
#7
4:( Null
#5
4:( Null
#4
4:( Null
#2
4:( Null
#1
4:( Null
#3
4:( Null
#6
4:( Null
#9
Null
#11
Null
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Structure Summary:
Immediate Total Peak Total Peak Peak
Contributing Contributing Di Runoff Sediment Sediment Settleable 24VW
ischarge
Area Area Volume Conc. Conc.
(cfs) (tons) (ml/1)
(ac) (ac) (ac-ft) (mg/l) (mi/r)

#10 77.600 77.600 23.89 6.23 795.9 163,917 109.74 60.26
#8 16.300 16.300 9.51 1.63 58.8 56,367 39.91 18.49
#7 16.300 16.300 9.51 1.63 497.2 408,300 289.11 143.21
#5 18.900 18.900 11.03 1.89 69.3 57,354 40.61 18.82
#4 18.800 18.800 10.97 1.88 583.4 414,183 293.28 145.45
#2 15.500 15.500 9.04 1.55 55.5 56,035 39.68 18.38
#1 32.000 32.000 18.67 3.21 1,162.4 471,493 333.86 167.51
#3 0.000 47.500 27.72 4.76 1,217.9 352,374 249.51 122.23
#6 0.000 85.200 49.72 8.54 1,870.7 307,984 218.08 105.90
#9 0.000 117.800 68.74 11.80 2,426.7 291,175 206.18 99.80

#11 0.000 195.400 87.58 18.04 3,222.6 261,607 182.72 86.32
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Particle Size Distribution(s) at Each Structure

Structure #10 (Misc Pits):

Size (mm) In/Out
25.0000 100.000%
4.7500 100.000%
2.0000 93.001%
0.2500 71.539%
0.0750 28.616%
0.0010 0.000%

Structure #8 (OB 3 Bench/Rd):

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Structure #7 (OB 3 Slopes):

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Structure #5 (OB 2 Bench/Rd):

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
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Size (mm) In/Out
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Structure #4 (OB 2 Slopes):

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Structure #2 (TS Bench/Rd)

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Structure #1 (TS Slopes):

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Structure #3 (Pits):

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
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Size (mm) In/Out
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Structure #6 (Int 1):

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Structure #9 (Int 2):

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Structure #11:

Size (mm) In/Out
25.0000 92.470%
4.7500 81.175%
2.0000 71.916%
0.2500 55.320%
0.0750 22.128%
0.0010 0.000%
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Structure #10 (Null)

Misc Pits
Structure #8 (Null)
OB 3 Bench/Rd
Structure #7 (Null)
OB 3 Slopes
Structure #5 (Null)
OB 2 Bench/Rd
Structure #4 (Null)
OB 2 Slopes
Structure #2 (Null)
75 Bench/Rd
Structure #1 (Null)
75 Slopes
Structure #.3 (Null)
Pits
Structure #6 (Null)
Int1
Structure #9 (Null)
Int 2
Structure #11 (Null)
SED Pond 2

Structure Detail:
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Subwatershed Hydrology Detail:
i S\gs SWS Area  Time of Conc Musk K s Curve e Dispcizlf'ge \%1322
(ac) (hrs) (hrs) Number (cfs) (ac-ft)

#10 1 77.600 0.335 0.000 0.000 70.000 M 23.89 6.234
Yy 77.600 23.89 6.234

#8 1 16.300 0.077 0.000 0.000 70.000 TR55 9.51 1.633
Y 16.300 9.51 1.633

#7 1 16.300 0.003 0.000 0.000 70.000 TR55 9.51 1.633
Y 16.300 9.51 1.633

#5 1 18.900 0.077 0.000 0.000 70.000 TR55 11.03 1.894
Y 18.900 11.03 1.894

#4 1 18.800 0.003 0.000 0.000 70.000 TR55 10.97 1.884
Y 18.800 10.97 1.884

#2 1 15.500 0.077 0.000 0.000 70.000 TR55 9.04 1.553
Y 15.500 9.04 1.553

#1 1 12.000 0.004 0.000 0.000 70.000 TR55 7.00 1.202
2 20.000 0.004 0.000 0.000 70.000 TR55 11.67 2.004

Yy 32.000 18.67 3.206

#3 ) 47.500 27.72 4.759
#6 Y 85.200 49.72 8.537
# Y 117.800 68.74 11.803
#11 Y 195.400 87.58 18.037

Subwatershed Sedimentology Detail:
Peak Peak
SWS . Sediment Sediment Settleable 24VW
Stru# 7, Soil K L (ft) S (%) C P PS # - conc. Conc —
(mg/1) (mi/1)

#10 1 0.240  1,320.00 8.90  0.4500  1.0000 1 795.9 163,917 109.74 60.26
Yy 7959 163,917 109.74 60.26

#8 1 0.240  500.00 3.00 09500  1.0000 1 58.8 56,367 39.91 18.49
Y 58.8 56,367 39.91 18.49

#7 1 0.240 75.00 33.00  0.9500  1.0000 1 497.2 408,300 289.11 143.21
Y 497.2 408,300 289.11 143.21
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Peak Peak
SWS . Sediment Sediment Settleable 24VW
Stru # # Soil K L (ﬁ:) S (0/0) C P PS # Conc. Conc
(tons) (ml/1)
(mg/1) (mi/T)
#5 1 0.240  500.00 3.00  0.9500 1.0000 1 69.3 57,354 40.61 18.82
Y 69.3 57,354 40.61 18.82
#4 1 0.240 75.00 33.00  0.9500 1.0000 1 583.4 414,183 293.28 145.45
Y 583.4 414,183 293.28 145.45
#2 1 0.240  500.00 3.00  0.9500 1.0000 1 55.5 56,035 39.68 18.38
Y 55.5 56,035 39.68 18.38
#1 1 0.240  100.00 33.00  0.9500 1.0000 1 419.3 456,850 323.49 161.83
2 0.240  100.00 33.00  0.9500 1.0000 1 743.1 480,179 340.01 170.91
Y 1,162.4 471,493 333.86 167.51
#3 ) 1,217.9 352,374 249.51 122,23
#6 ) 1,870.7 307,984 218.08 105.90
#9 Y 2,426.7 291,175 206.18 99.80
#11 ) 3,222.6 261,607 182.72 86.32

Filename: WB Pond2.sc4

Printed 04-19-2013
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Wishbone Hill Pond 3

This model is designed to replicate model results from the 1990
permit for Wishbone Hill. This model will be used as a check and
for potential updating of the permit.

The model files from the permit are not available so they must be
re-created.

Brandon A Coleman

Filename: WB Pond3.sc4 Printed 04-17-2013
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Canrinht 10092 _2N1N Damala | Qrhwiah

General Information

Storm Information:

Storm Type: NRCS Type 1
Design Storm: 100 yr - 24 hr
Rainfall Depth: 3.810 inches

Particle Size Distribution:

Size (mm) Wishbone Hill
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Filename: WB Pond3.sc4 Printed 04-17-2013
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Structure Networking:

(flows Musk. K -
Type Stru # into) Stru # (hrs) Musk. X | Description
Null #1 ==> End 0.000 0.000 | Sed Pond 3
#1
Null
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Structure Summary:
Immediate Total Peak Peak
I Ta Peak Total Runoff . )
Contributing Area Contributing Area Discharge Volume Sediment Sediment Settleable 24VW
Conc. Conc.
(ac) (ac) (cfs) (ac-ft) (tons) (ml/1)
(mg/1) (ml/1)
#1 12.700 12.700 6.09 1.28 510.7 478,384 333.71 180.14

Filename: WB Pond3.sc4

Printed 04-17-2013
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Particle Size Distribution(s) at Each Structure

Structure #1:

Size (mm) In/Out
25.0000 100.000%
4.7500 83.695%
2.0000 72.535%
0.2500 55.797%
0.0750 22.319%
0.0010 0.000%

Filename: WB Pond3.sc4 Printed 04-17-2013
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Structure Detail:
Structure #1 (Null)

Sed Pond 3

Filename: WB Pond3.sc4 Printed 04-17-2013
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Subwatershed Hydrology Detail:

] Peak
SWS Area Time of Conc Musk K Curve . Runoff Volume
Stru# WS Musk X UHS Discharge
# (ac) (hrs) (hrs) Number (ac-ft)
(cfs)
#1 12.700 0.260 0.000 0.000 70.000 TR55 6.09 1.280
Yy 12.700 6.09 1.280
Subwatershed Sedimentology Detail:
Peak Peak
SWS Sediment Sediment Settleable 24VW
Stru # Soil K L (ft) S (%) C P PS # Conc Conc
# (tons) ) (ml/1)
(mg/I) (ml/1)
#1 1 0.240 150.00 33.00 0.9500 1.0000 1 510.7 478,384 333.71 180.14
Yy 510.7 478,384 333.71 180.14

Filename: WB Pond3.sc4

Printed 04-17-2013
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Wishbone Hill Pond 4

This model is designed to replicate model results from the 1990
permit for Wishbone Hill. This model will be used as a check and
for potential updating of the permit.

The model files from the permit are not available so they must be
re-created.

Brandon A Coleman

Filename: WB Pond4.sc4 Printed 04-17-2013
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General Information

Storm Information:

Storm Type: NRCS Type 1
Design Storm: 100 yr - 24 hr
Rainfall Depth: 3.810 inches

Particle Size Distribution:

Size (mm) Wishbone Hill
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Filename: WB Pond4.sc4 Printed 04-17-2013
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Structure Networking:

Type Stru # (ifrl1ct)cv)v)s Stru # M(urf:(S')K Musk. X | Description
Null #1 ==> #2 0.057 0.270 | A
Null #2 ==> #3 0.000 0.000 | A'
Null #3 ==> End 0.000 0.000 | B
#1
& Null
#2
& Null
#3
Null

Filename: WB Pond4.sc4

Printed 04-17-2013
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Structure Summary:
Immediate Total
I Ta Peak Total Runoff .

Contributing Area Contributing Area Discharge Volume Sediment 24VW

(ac) (ac) (cfs) (ac-ft) (tons) (ml/1)
#1 3.930 3.930 2.29 0.39 16.9 22.06
#2 0.000 3.930 2.15 0.39 16.9 22.08
#3 4.660 8.590 3.67 0.77 23.6 15.62

Filename: WB Pond4.sc4

Printed 04-17-2013
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Particle Size Distribution(s) at Each Structure

Structure #1 (A):

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Structure #2 (A'):

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%
Structure #3:

Size (mm) In/Out
25.0000 92.811%
4.7500 81.698%
2.0000 70.805%
0.2500 54.465%
0.0750 21.786%
0.0010 0.000%

Filename: WB Pond4.sc4
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Structure Detail:
Structure #1 (Null)

A

Structure #2 (Null)
2

Structure #3 (Null)
B

Filename: WB Pond4.sc4 Printed 04-17-2013
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Subwatershed Hydrology Detail:

) Peak
SWS Area Time of Conc Musk K Curve . Runoff Volume
Stru# WS Musk X UHS Discharge
# (ac) (hrs) (hrs) Number (ac-ft)
(cfs)
#1 1 3.930 0.050 0.000 0.000 70.000 TR55 2.29 0.394
Yy 3.930 2.29 0.394
#2 Y 3.930 2.15 0.394
#3 1 4.660 0.200 0.000 0.000 70.000 M 1.66 0.374
Y 8.590 3.67 0.767
Subwatershed Sedimentology Detail:
Peak Peak
SWS ) Sediment Sediment Settleable 24VW
Stru # # Soil K L (ft) S (%) C P PS # conc. Conc
(tons) (ml/1)
(mg/1) (ml/1)
#1 1 0.240 380.00 4.00 0.9500 1.0000 1 16.9 67,118 47.53 22.06
Yy 16.9 67,118 47.53 22.06
#2 Y 16.9 74,300 52.61 22.08
#3 1 0.240 720.00 1.50 0.9500 1.0000 1 6.6 25,492 17.32 8.80
Yy 23.6 52,700 36.89 15.62

Filename: WB Pond4.sc4 Printed 04-17-2013
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Wishbone Hill Pond 5

This model is designed to replicate model results from the 1990
permit for Wishbone Hill. This model will be used as a check and
for potential updating of the permit.

The model files from the permit are not available so they must be
re-created.

Brandon A Coleman

Filename: WB Pond5.sc4 Printed 04-17-2013
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General Information

Storm Information:

Storm Type: NRCS Type 1
Design Storm: 100 yr - 24 hr
Rainfall Depth: 3.810 inches

Particle Size Distribution:

Size (mm) Wishbone Hill
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Filename: WB Pond5.sc4 Printed 04-17-2013
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Structure Networking:

Type Stru # (ifrl1ct)cv)v)s Stru # M(urf:(S')K Musk. X | Description
Null #1 ==> #7 0.142 0.320 | Pit 8
Null #3 ==>  #7 0.330 0.230 | Pit9
Null #5 ==> #7 0.125 0.270 | Pit 10
Null #7 ==> #10 0.000 0.000 | Pits 8-10
Null #8 ==> #10 0.194 0.234 | Misc Pits
Null #10 ==> End 0.000 0.000 | SED Pond 5
#8
& Null
#5
& Null
#3
& Null
#1
& Null
#7
& Null
#10
Null

Filename: WB Pond5.sc4 Printed 04-17-2013
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Structure Summary:
Immediate Total Peak Peak
I Ta Peak Total Runoff . )
Contributing Area Contributing Area Discharge Volume Sediment Sediment Settleable 24VW
Conc. Conc.
(ac) (ac) (cfs) (ac-ft) (tons) (ml/1)
(mg/1) (ml/1)
#8 71.810 71.810 34.79 6.98 736.1 149,521 104.39 52.19
#5 8.200 8.200 4.79 0.82 289.5 460,678 326.20 163.31
#3 18.510 18.510 10.80 1.85 210.7 169,723 120.18 56.84
#1 6.260 6.260 3.65 0.63 22.8 57,026 40.38 18.71
#7 0.000 32.970 15.17 3.30 523.0 1,012,849 717.19 77.96
#10 0.000 104.780 43.75 10.29 1,259.1 1,012,849 711.28 60.58

Filename: WB Pond5.sc4
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Particle Size Distribution(s) at Each Structure

Structure #8 (Misc Pits):

Size (mm) In/Out
25.0000 99.881%
4.7500 83.234%
2.0000 72.136%
0.2500 55.489%
0.0750 22.196%
0.0010 0.000%

Structure #5 (Pit 10):

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Structure #3 (Pit 9):

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Structure #1 (Pit 8):

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%

Filename: WB Pond5.sc4
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Size (mm) In/Out
0.0750 20.000%
0.0010 0.000%

Structure #7 (Pits 8-10)

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%
Structure #10:

Size (mm) In/Out
25.0000 95.777%
4.7500 79.814%
2.0000 69.172%
0.2500 53.209%
0.0750 21.284%
0.0010 0.000%
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Structure Detail:
Structure #8 (Null)

Misc Pits

Structure #5 (Null)
Pit 10

Structure #3 (Null)
Pit 9

Structure #1 (Null)
Pit8

Structure #7 (Null)
Pits 8-10

Structure #10 (Null)
SED Pond 5
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Subwatershed Hydrology Detail:

) Peak
SWS Area Time of Conc Musk K Curve . Runoff Volume
Stru# WS Musk X UHS Discharge
# (ac) (hrs) (hrs) Number (ac-ft)
(cfs)
#8 1 71.810 0.211 0.000 0.000 70.000 TR55 34.79 6.982
Yy 71.810 34.79 6.982
#5 1 8.200 0.052 0.000 0.000 70.000 TR55 4.79 0.822
Yy 8.200 4.79 0.822
#3 1 18.510 0.107 0.000 0.000 70.000 TR55 10.80 1.855
Yy 18.510 10.80 1.855
#1 1 6.260 0.094 0.000 0.000 70.000 TR55 3.65 0.627
Yy 6.260 3.65 0.627
#7 Y 32.970 15.17 3.303
#10 Y 104.780 43.75 10.286
Subwatershed Sedimentology Detail:
Peak Peak
SWS ) Sediment Sediment Settleable 24VW
Stru # # Soil K L (ft) S (%) C P PS # conc. Conc
(tons) (ml/1)
(mg/1) (ml/1)
#8 1 0.240 1,543.00 6.80 0.4500 1.0000 1 736.1 149,521 104.39 52.19
Yy 736.1 149,521 104.39 52.19
#5 1 0.240 750.00 22.50 0.4500 1.0000 1 289.5 460,678 326.20 163.31
Yy 289.5 460,678 326.20 163.31
#3 1 0.240 1,160.00 8.80 0.4500 1.0000 1 210.7 169,723 120.18 56.84
Yy 210.7 169,723 120.18 56.84
#1 1 0.240 680.00 4.30 0.4500 1.0000 1 22.8 57,026 40.38 18.71
Yy 22.8 57,026 40.38 18.71
#7 E 523.0 1,012,849 717.19 77.96
#10 Y 1,259.1 1,012,849 711.28 60.58

Filename: WB Pond5.sc4 Printed 04-17-2013
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Wishbone Hill Ponds 6&7

This model is designed to replicate model results from the 1990
permit for Wishbone Hill. This model will be used as a check and
for potential updating of the permit.

The model files from the permit are not available so they must be
re-created.

Brandon A Coleman
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General Information

Storm Information:

Storm Type: NRCS Type 1
Design Storm: 100 yr - 24 hr
Rainfall Depth: 3.810 inches

Particle Size Distribution:

Size (mm) Wishbone Hill
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Filename: WB Pond6 7.sc4 Printed 04-17-2013
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Structure Networking:

(flows Musk. K -
Type Stru # into) Stru # (hrs) Musk. X | Description
Null #1 ==> End 0.000 0.000 | SED Pond 6 & 7
#1
Null
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Structure Summary:
Immediate Total Peak Peak
I Ta Peak Total Runoff . )
Contributing Area Contributing Area Discharge Volume Sediment Sediment Settleable 24VW
Conc. Conc.
(ac) (ac) (cfs) (ac-ft) (tons) (ml/1)
(mg/1) (ml/1)
#1 6.800 6.800 3.97 0.68 711.5 1,002,334 709.74 401.53
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Particle Size Distribution(s) at Each Structure

Structure #1:

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Filename: WB Pond6 7.sc4
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Structure Detail:
Structure #1 (Null)

SED Pond 6 & 7
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Subwatershed Hydrology Detail:

) Peak
SWS Area Time of Conc Musk K Curve . Runoff Volume
Stru# WS Musk X UHS Discharge
# (ac) (hrs) (hrs) Number (ac-ft)
(cfs)
#1 6.800 0.009 0.000 0.000 70.000 TR55 3.97 0.681
Yy 6.800 3.97 0.681
Subwatershed Sedimentology Detail:
Peak Peak
SWS Sediment Sediment Settleable 24VW
Stru # Soil K L (ft) S (%) C P PS # Conc Conc
# (tons) ) (ml/1)
(mg/1) (ml/1)
#1 1 0.240 290.00 59.00 0.9500 1.0000 1 711.5 1,002,334 709.74 401.53
E 711.5 1,002,334 709.74 401.53

Filename: WB Pond6 7.sc4
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Facilities Pond

This model is designed to replicate model results from the
1990 permit for Wishbone Hill. This model will be used as a
check and for potential updating of the permit.

The model files from the permit are not available so they
must be re-created.

Brandon A Coleman

Filename: Facilities Pond.sc4 Printed 04-22-2013
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General Information

Storm Information:

Storm Type: NRCS Type 1
Design Storm: 100 yr - 24 hr
Rainfall Depth: 3.810 inches

Particle Size Distribution:

Size (mm) Wishbone Hill
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Filename: Facilities Pond.sc4 Printed 04-22-2013



SEDCAD 4 for Windows

Canurinht 1002 _2N1N Damala | Qahwiah

Structure Networking:

(flows Musk. K L
Type Stru # into) Stru # (hrs) Musk. X | Description
Null #1 ==> End 0.000 0.000 | Facilities Pond
#1
Null
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Structure Summary:
Immediate Total Peak Total Peak Peak
Contributing Contributing Di Runoff Sediment Sediment Settleable 24VW
ischarge
Area Area Volume Conc. Conc.
(cfs) (tons) (ml/1)
(ac) (ac) (ac-ft) (mg/l) (mi/r)
#1 33.500 33.500 19.55 3.36 91.4 42,908 30.38 14.04
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Particle Size Distribution(s) at Each Structure

Structure #1:

Size (mm) In/Out
25.0000 90.000%
4.7500 75.000%
2.0000 65.000%
0.2500 50.000%
0.0750 20.000%
0.0010 0.000%

Filename: Facilities Pond.sc4 Printed 04-22-2013
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Structure Detail:
Structure #1 (Null)

Facilities Pond
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7
Subwatershed Hydrology Detail:
) Peak Runoff
SWS A Time of C Musk K © .
" S\gs rea ime of Conc usl . urve U Discharge VeI
(ac) (hrs) (hrs) Number (cfs) (ac-ft)
#1 1 33.500 0.050 0.000 0.000 70.000 TR55 19.55 3.357
Y 33.500 19.55 3.357
Subwatershed Sedimentology Detail:
Peak Peak
SWS . Sediment Sediment Settleable 24VW
Stu# 7, Soil K L (ft) S (%) C P PS # conc. Conc
(tons) (mi/1)
(mg/1) (mi/1)
#1 1 0.240  500.00 200  0.9500  1.0000 1 91.4 42,908 30.38 14.04
Y 91.4 42,908 30.38 14.04

Filename: Facilities Pond.sc4

Printed 04-22-2013



APPENDIX D.2
USLE CALCULATIONS



TABLE D.2-1

APPLIED HYDROLOGY AND SEDIMENTOLOGY FOR DISTURBED AREAS
Barfield et al, 1981

USLE A = RK LS CP
R = rainfall erosivity factor
. 6 hr storm is typically 2/3 of the 24-hr event for a given event (based

on a cursory review of U.S. Department of Commerce publication, Technical
Paper No. 40, 1961).

2-yr, 24-hr event 1.15" (from Buffalo Creek analysis spreadsheet)
2-yr, 6-hr event 0.76" say (1.0")
Average annual R (Type I storm) = 16.55 P, ;> = 16.6 say 20.

K - Soil Erodibility factor

See nomograph (attached)
use K 0.15 to 0.27
gravelly sand - silt, use 0.21 as an average

LS - Length Slope factor

Dependent upon location, i.e., to be determined separately for each pond:

Sed Pond 1 - Main purpose is to control sed from overburden Area 1

assume 3:1 slope ---> 33%
maximum height = say 300 ft
slope length = 950 ft

from nomograph ---> LS
using equation ---> LS

20
28.5

I v

Sed Pond 2 - Overburden Area 2 Sed
assume 3:1 slope
maximum height = say 150 ft
slope length - 475 ft

from nomograph ---> LS = 20

Sed Pond 3 - Portion of overburden Area 1

LS = 28.5 (see Sed Pond 1)



CP - Control Practice factor

From Table 5.8 ---> C = say, 1.5
A - Soil Loss (tons/acre) - Annual

Sed Pond 1

A = RK LS CP

(20) (0.21) (28.5) (1.5)
180 tons/acre

Sed Pond 2

A = (20) (0.21) (20) (1.5)

126 tons/acre

Sed Pond 3

A = 180 tons/acre (see Sed Pond 1 calculation)

Annual Sediment Yield

Sed Pond 1

Dump area 114 acres ---> 20,520 tons @ 65 pcf ---> 14.5 acre ft

Sed Pond 2
Stockpiles: Use LS = 20

A, = (20) (.21) (20) (1.5)
= 126 tons/acre

Total Acre = 27.5 + 37.7 + 32.6 = 97.8

Sed, = 12,323 tons

Pit Areas: L = 1,320
$=8.9, LS =14
A, = (20) (.21) (4) (1.5)

)
25.2 tons/acre
Sed, = 1,956 tons

Total Sed (average annual) = 14,279 tons @ 65 pcf ---> 10.0
ac ft

Sed Pond 3

Catchment = 127 acres

180 tons/acre x 127 acres = 2,286 tons
2,286tons at 65 pcf = 1.6 acre-feet



Sed Pond 4
Areas:

A) 3.93 ac @ 4% LS = 380 ft
4% ditch = 410 ft
B) 4.66 ac @ 1.5% LS = 720 ft

Annual yield ---> take 4% for slope and 500 ft for length
yields .75 for LS

A = RK LS CP

(20) (.21) (.75) (1.5)

4.7 tons/acre

Annual Sed = 4.7 x 4.66 = 22 tons ---> 0.016 ac ft

Sed Pond 5
Area = 104.8 acres

Component Area:

Pit 8 6.26 ac 4.26% 680 ft
6.98% 1,553 ft

Pit 9 (partial) 18.51 ac 8.8% 1,160 ft
2.3% 1,780 ft

Pit 10 (partial) 8.2 ac 14.1% 750 ft
2.9% 600 ft

Pits 6, 7, 11, 12, 13, and 16 = 71.81
slope (average by area) 6.8%

Annual (average) Sed

A = RK LS CP
as before
R =20
K=.21
CP = 1.5

LS: say, representative slope 7.6% (area weighted average)
length 1,361 ft (area weighted average)
LS (Figure 5.15) = 3.5

A = (20) (.21) (3.5) (1.5)

= 2 tons/acre/year
* for 104.8 acres ---> A

=2
2,311 tons or 1.6 acre-feet

Sed Pond 6 - Use area ratio method to factor Sed Pond 1 yield

6.0 acres catchment
114 acres catchment | x 14.5 acre ft sediment yield for Sed Pond 1
(for Sed Pond 1)

0.8 acre-ft sediment



Sed Pond 7 — Use area ratio method to factor Sed Pond 1 yield

( 1.0 acres catchment ) 145 + codi t
X 14. .
114 acres catchment acre - ft sedimen

(for Sed Pond 1)
0.1 acre-ft of sediment

Slurry Pond Sediment Loading

1. Total catchment area = 72 acres
2. Pond basin area = 27 acres
3. Net external catchment = 45 acres

1 -

Catchment geometry includes part of Topsoil Stockpile No. 1 and is similar to mine Area 2/Sediment
Pond 2 catchment. Use area ratio method for sediment yield:

Sed Pond 2 Slurry Pond
Catchment Area 175 (acres) 45 (acres)
Arearato e 0.26
100-yr sediment yield 2.28 (acre-ft) 0.59 (acre-ft)

Average annual sediment yield 10.0 (acre-ft) 2.6 (acre-ft)
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Woodchips
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Figure 5.16b. Control factor, C, of surface mulching. (Chen, 1974)

Chemicals are also available for stabilizing the soil surface. C
values for selected chemicals are tabulated in Table 5.8. A more com-
plete listing can be found in Table 5.A.1.

Table 5.8 Selected C Values reported in the literature. A comprehensive list is
given in Appendix SA.

Condition C factor
1. Bare scil conditions . ) T
compacted balldozer scraped up and down \/‘ 1.30 N
compacted fill w
2. Asphalt emulsion
1250 gallons/acre 0.02
151 gallons/acre 0.65 - 0.70
3. Other chemicals ‘
Petroset SB 0.40 — 0.66
wood fiber slurry, 1000 lb/acre fresh 0.05
4. Seedings
permanent, O to 60 days2 0.40
permanent, after 12 months 0.01
5. Excelsior blanket with plastic net 0.04 - 0.10

£

1. If plantings are used with mulches, use the minimum C values.
2. If dry weather occurs at planting and emergence is a problem, extend the
0-60 days to a period when rainfall normally occurs.
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APPENDIX D.3 - DITCH DESIGNS

The various diversion ditches which are required to control site runoff are shown on Plats 11-8 and 11-11
for Mine Areas 1 and 2, respectively. Peak flood flows for these ditches have been taken from the
SEDCAD runs for the appropriate sediment ponds (Appendix D.1). Design information and parameters
for the flood peak determinations are discussed in the introductory text of Appendix D. AMC Il and a
runoff curve number of 70 were assumed for the hydrograph calculations.

Manning’s equation was set up in FLOWMASTER, a ditch sizing spreadsheet to design the ditch cross
sections for the required diversion structures. Table D.3-1 presents the results for the ditch sizing. The
general categorized ditch types on Table D.3-1 have been established based on the minimum calculated
cross sections and are detailed on Plate 11-4. The dimensions on Plate 11-4 are to be superseded by the
dimensions shown in this Appendix. The ditch sizing spreadsheets are included also for reference.



TABLE D.3-1

SEDIMENT CONTROL DITCH
DESIGNATION

DITCH TYPE

No. 1-EAST

No. 1-WEST

No. 2-NORTH

No. 2A-NORTH

No. 2B-NORTH

No. 2C-NORTH

No. 2-WEST

No. 3-NORTH

No. 3-SOUTH

No. 4

No. 5-NORTH

No. 5-SOUTH

No. 6

No. 7

No. S-WEST

BENCH DTICHES

RAMP DITCHES

NIFNFNFNEN N PNV IVIFN PN F N ) A N S




SUPERCEEDS DIMENSIONS SHOWN ON PLATE 11-4

Ditch Type (B) Base Width | (H) Ditch Depth | (F.B.) Min. Freeboard Design Flow Flow Velocity Gradient D50 Riprap (T) Thickness Section Detail
(ft) (ft) (ft) (cfs) (ft/s) (%) (in) (in)
4 10 2 1 1-15 1-4 <8 NONE NONE DETAIL 4
5 10 2 1 1-15 4-6 12-15 6 12 DETAIL 5
6 10 2.2 1 15-69 3-4 <5 NONE NONE DETAIL 4
7 10 2.2 1 15-69 <7 10 6 12 DETAIL 5




Project Description

Friction Method
Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge
‘Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

MWH )

412212013 1:26:02 PM

Worksheet for Channel 1-East

Manning Formula
Normal Depth

0.040
3.30000
2.00
2.00
10.00
30.53

0.61
6.84
12.73
0.54
12.44
0.63
0.02903
4.46
0.31
0.92
1.06

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.61

0.63

3.30000

%

ft/ft (H:V)
ft/ft (H:V)
ft

ft*/s

ft/s
ft/s

%

Bentley Systems, Inc. Haestad Methods SolBeni@eftewMaster V8i (SELECTseries 1) [08.11.01.03]
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666



Worksheet for Channel 1-East

GVF Output Data

Critical Slope

0.02903  ft/ft

MWH

4/2212013 1:26:02 PM

Bentley Systems, Inc. Haestad Methods SolBanil€ehtervMaster V8i (SELECTseries 1) [08.11.01.03]
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Channel 1-East UPPER REACH

Project Description

Friction Method

Channel Slope

Manning Formula

MWH

Solve For Normal Depth
Input Data
Roughness Coefficient 0.040
Channel Slope 7.70000 %
Left Side Slope 2.00 ftfit (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 10.00 ft
Discharge 2535 fi¥Ys
Results
Normal Depth 043 ft
Flow Area 462 ft?
Wetted Perimeter 11.90
Hydraulic Radius 0.39
Top Width 11.70
Critical Depth 0.56
Critical Slope 0.03002 fu/ft
Velocity 549 ft/s
Velocity Head 0.47 ft
Specific Energy 0.89 ft
Froude Number 1.54
Flow Type Supercritical
GVF Input Data
Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0
GVF Output Data
Upstream Depth 0.00 ft
Profile Description
Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 043 ft
Critical Depth 0.56 ft
7.70000 %

Bentley Systems, Inc. Haestad Methods Solimti€ehtewMaster V8i (SELECTseries 1) [08.11.01.03]

4/22/2013 1:29:07 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Worksheet for Channel 1-East UPPER REACH

\GVF Output Data

Critical Slope 0.03002 fu/ft

MWH

Bentley Systems, Inc. Haestad Methods Solitmtl€ehtewMaster V8i (SELECTseries 1) [08.11.01.03]
4/22/2013 1:29:07 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Channel 1-West

Project Description

Friction Method

Channel Slope

MWH

Manning Formula

Solve For Normal Depth
Input Data
Roughness Coefficient 0.040
Channel Slope 1.00000 %
Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 10.00 ft
Discharge 16.18 ft¥s
Results
Normal Depth 0.57 ft
Flow Area 6.41 2
Wetted Perimeter 12.57 1t
Hydraulic Radius 0.51 it
Top Width 12.30
Critical Depth 0.40
Critical Slope 0.03302 /it
Velocity 237 fifs
Velocity Head 0.09
Specific Energy 0.66
Froude Number 0.58
Flow Type Subcritical
‘GVF Input Data
Downstream Depth 0.00
Length 0.00
Number Of Steps 0
‘GVF Output Data
Upstream Depth 0.00 ft
Profile Description
Profile Headloss 0.00 it
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 0.57 ft
Critical Depth 0.40 ft
1.00000 9%

Bentley Systems, Inc. Haestad Methods Solentl&efitewMaster V8i (SELECTseries 1) [08.11.01.03]

4/22/2013 1:28:00 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Worksheet for Channel 1-West

'GVF Output Data

Critical Slope

MWH

42212013 1:28:00 PM

0.03302 ft/tt

Bentley Systems, Inc. Haestad Methods Solimtl©eRteswMaster V8i (SELECTseries 1) [08.11.01.03]
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Channel 2-North

Project Description

Friction Method

Channel Slope

Manning Formula

Solve For Normal Depth
Input Data
Roughness Coefficient 0.040
Channel Slope 2.00000 9%
Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 10.00 1t
Discharge 68.74 ftis
‘Results
Normal Depth 113 it
Flow Area 13.84 ft2
Wetted Perimeter 15.05
Hydraulic Radius 0.92
Top Width 14.52
Critical Depth 1.06
Critical Slope 0.02529  f/ft
Velocity 4.97 ftis
Velocity Head 0.38
Specific Energy 151 ft
Froude Number 0.90
Flow Type Subcritical
GVF Input Data
Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0 -
'GVF Output Data
Upstream Depth 0.00 ft
Profile Description
Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 113 ft
Critical Depth 1.06 ft
2.00000 9%

MWH

Bentley Systems, Inc. Haestad Methods Solmntl@eRtewMaster V8i (SELECTseries 1) [08.11.01.03]

4/22/2013 1:28:04 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Worksheet for Channel 2-North

'GVF Output Data

Critical Slope 0.02529 ft/fit

MWH

Bentley Systems, Inc. Haestad Methods SolBentl@eRtewMaster V8i (SELECTseries 1) [08.11.01.03]
4/22/2013 1:28:04 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Channel 2A-North

‘Project Description

Friction Method

Channel Slope

MWH

Manning Formula

Solve For Normal Depth
Input Data
Roughness Coefficient 0.040
Channel Slope 4,30000 9%
Left Side Slope 200 fu/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 10.00 ft
Discharge 68.74 ft3/s
Results
Normal Depth 091 ft
Flow Area 10.70  ft2
Wetted Perimeter 14.05 ft
Hydraulic Radius 0.76 ft
Top Width 13.62 ft
Critical Depth 1.06 ft
Critical Slope 0.02529 i/t
Velocity 6.42 ft/s
Velocity Head 0.64
Specific Energy 1.55 ft
Froude Number 1.28
Flow Type Supercritical
EGVF Input Data
Downstream Depth 0.00
Length 0.00
Number Of Steps 0
‘GVF Output Data
Upstream Depth 0.00 ft
Profile Description
Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 091 1t
Critical Depth 1.06 ft
4.30000 %

Bentley Systems, Inc. Haestad Methods SolBintl€eRtewMaster V8i (SELECTseries 1) [08.11.01.03]

412212013 1:28:09 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Worksheet for Channel 2A-North

GVF Output Data

Critical Slope 0.02529  ft/it

MWH

Bentley Systems, Inc. Haestad Methods SoliBaontl&eRtewMaster V8i (SELECTseries 1) [08.11.01.03]
412212013 1:28:09 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Channel 2B-North

Project Description

Friction Method

Solve For
Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge
Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

‘GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

MWH

4/22/2013 1:28:15 PM

Manning Formula

Normal Depth

0.040
4.20000
2.00
2.00
10.00
9.51

0.28
3.01
11.27
0.27
11.14
0.30
0.03615
3.16
0.15
0.44
1.07
Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.28

0.30

4.20000

%

ft/ft (H:V)
ft/ft (H:V)
ft

ft¥/s

ft2

ft/ft

Bentley Systems, Inc. Haestad Methods SolBimti@eRtewMaster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Worksheet for Channel 2B-North

GVF Output Data

Critical Slope 0.03615  ft/ft

MWH

Bentley Systems, Inc. Haestad Methods Soligemtl€&ehtewMaster V8i (SELECTseries 1) [08.11.01.03]
412212013 1:28:15 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Channel 2C-North LOWER REACH

Project Description

Friction Method

Solve For
Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

I'\"ight Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Normal Depth

0.040
0.50000
2.00
2.00
10.00
9.51

0.54
5.92
12.39
0.48
12.14
0.30
0.03615
1.61
0.04
0.58
0.41

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.54

0.30

0.50000

%

ft/ft (H:V)
ft/ft (H:V)
ft

ft¥/s

MWH

4/22/2013 1:28:18 PM

Bentley Systems, Inc. Haestad Methods SolBuntl@eRterwMaster V8i (SELECTseries 1) [08.11.01.03]
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666



Worksheet for Channel 2C-North LOWER REACH
(GVF Output Data

Critical Slope ) 0.03615  ft/ft

MWH

Bentley Systems, Inc. Haestad Methods SolBanti@ehtewMaster V8i (SELECTseries 1) [08.11.01.03]
4/22/2013 1:28:18 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Channel 2C-North UPPER REACH

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
\GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

MWH

4/22/2013 1:29:17 PM

Manning Formula
Normal Depth

0.040
7.20000
2.00
2.00
10.00
9.51

0.24
2.55
11.09
0.23
10.97
0.30
0.03615
3.74
0.22
0.46
1.37

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.24

0.30

7.20000

%

f/ft (H:V)
ft/ft (H:V)
ft

ft*ls

ft/ft

Bentley Systems, Inc. Haestad Methods Solianil©eftewwMaster V8i (SELECTseries 1) [08.11.01.03]
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Worksheet for Channel 2C-North UPPER REACH
'GVF Output Data '

Critical Slope 0.03615  ft/ft

MWH

Bentley Systems, Inc. Haestad Methods SolBenmtl€ehtewMaster V8i (SELECTseries 1) [08.11.01.03]
4/22/2013 1:29:17 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Channel 2-West

PProject Description

Friction Method

Solve For
Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge
Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

MWH

4/22/2013 1:28:23 PM

Manning Formula
Normal Depth

0.040
5.20000
2.00
2.00
10.00
9.04

0.26
2.73
11.16
0.24
11.04
0.29
0.03651
3.31
0.17
0.43
117

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.26

0.29

5.20000

%

ft/ft (H:V)
ft/it (H:V)
ft

ft¥/s

ft?

ft/s
ft/s

%

Bentley Systems, Inc. Haestad Methods SoliBenil@ehtewMaster V8i (SELECTseries 1) [08.11.01.03]
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666




Worksheet for Channel 2-West
GVF Output Data '

Critical Slope 0.03651  ft/ft

MWH

Bentley Systems, Inc. Haestad Methods SolBimtl@eftewMaster V8i (SELECTseries 1) [08.11.01.03]
4/22/2013 1:28:23 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Channel 3-North LOWER REACH

Project Description

Friction Method

Solve For
Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width
Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Normal Depth

0.040
16.00000
2.00

2.00
10.00
6.09

0.15
1.51
10.66
0.14
10.59
0.22
0.03952
4.03
0.25
0.40
1.88

Superecritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.15

0.22

16.00000

%
fift (H:V)
ft/ft (H:V)
ft

ftifs

ﬂZ

ft/s
ft/s

%

MWH

4/22/2013 1:28:27 PM

Bentley Systems, Inc. Haestad Methods SolBemil@ehtewMaster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666



Worksheet for Channel 3-North LOWER REACH

‘GVF Output Data

Critical Slope 0.03952 ft/ft

MWH

Bentley Systems, Inc. Haestad Methods Soligimtl@ghRtesvMaster V8i (SELECTseries 1) [08.11.01.03]
4/22/2013 1:28:27 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Channel 3-North UPPER REACH

Project Description

Friction Method

Channel Slope

Manning Formula

MWH

Solve For Normal Depth
iInput Data
Roughness Coefficient 0.040
Channel Slope 5.20000 %
Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 ftfit (H:V)
Bottom Width 10.00 1t
Discharge 6.09 ft¥s
‘Results
Normal Depth 0.21 ft
Flow Area 214 ft2
Wetted Perimeter 10.92
Hydraulic Radius 0.20
Top Width 10.82
Critical Depth 0.22
Critical Slope 0.03952  fi/ft
Velocity 285 ft/s
Velocity Head 0.13 ft
Specific Energy 0.33 it
Froude Number 1.13
Flow Type Supercritical
'GVF Input Data
Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps 0
GVF Output Data
Upstream Depth 0.00 ft
Profile Description
Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  fi/s
Normal Depth 0.21
Critical Depth 022 ft
5.20000 %

Bentley Systems, Inc. Haestad Methods SolBentl€eRtewMaster V8i (SELECTseries 1) [08.11.01.03]

4/22/2013 1:29:12 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Worksheet for Channel 3-North UPPER REACH

GVF Output Data

Critical Slope

0.03952 ft/ft

MWH

4/22/2013 1:29:12 PM

Bentley Systems, Inc. Haestad Methods SolBnti@ehterwMaster V8i (SELECTseries 1) [08.11.01.03]
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Worksheet for Channel 3-South

Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.040
Channel Slope 12.00000 9%
Left Side Slope 2,00 ft/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 10.00 ft
Discharge 2.00 ft¥s
Results

Normal Depth 0.08 ft
Flow Area 0.83 ft2
Wetted Perimeter 10.37 ft
Hydraulic Radius 0.08

Top Width 10.33
Critical Depth 0.11
Critical Slope 0.04980 /it
Velocity 240 ft/s
Velocity Head 0.09
Specific Energy 0.17
Froude Number 1.49

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00
Length 0.00
Number Of Steps 0
‘GVF Output Data

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 0.08 ft
Critical Depth 011 ft
Channel Slope 12.00000 9%
MWH - - - -

Bentley Systems, Inc. Haestad Methods Solitimil@eftewMaster V8i (SELECTseries 1) [08.11.01.03]
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Worksheet for Channel 3-South

GVF Output Data

Critical Slope 0.04980 /it

Bentley Systems, Inc. Haestad Methods SolBemtl€ehRtewMaster V8i (SELECTseries 1) [08.11.01.03]
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Worksheet for Channel 4

{Project Description

Friction Method

Solve For
Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width
Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output-D'ata

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

MWH

4/22/2013 1:28:35 PM

Manning Formula
Normal Depth

0.040
~1.50000
2.00
2.00
10.00
3.67

0.22
2.29
10.98
0.21
10.88
0.16
1004386
1.60
0.04
0.26
0.61

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.22

0.16

1.50000

%

ft/ft (H:V)
ft/ft (H:V)
ft

ft¥/s

ftz

ft/ft
ft/s

Bentley Systems, Inc. Haestad Methods Soligantl®eRtewMaster V8i (SELECTseries 1) [08.11.01.03]
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Worksheet for Channel 4

\GVF Output Data

Critical Slope

0.04386  f/ft

MWH

4/22/2013 1:28:35 PM
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Worksheet for Channel 5-North

[Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient

Channel Slope
Left Side Slope

Right Side Slope

Bottom Width
Discharge

Results

Normal Depth
Flow Area

Wetted Perimeter

Hydraulic Radius

Top Width
Critical Depth
Critical Slope
Velocity
Velocity Head
Specific Energy
Froude Number

Flow Type

‘GVF Input Data

Downstream Depth

Length

Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity

Upstream Velocity

Normal Depth
Critical Depth
Channel Slope

Manning Formula
Normal Depth

0.040
2.20000 %
2.00 it (H:V)
2,00 ft/ft (H:V)
10.00 ft
2527 ftis

0.61 ft
6.91 ft
1275 1t
0.54
12.46
0.56
0.03003 ft/ft
3.66 ft/s
0.21 it
0.82 ft
0.87

Subcritical

0.00 ft
0.00 ft

0.00 ft

0.00 ft
Infinity  ft/s
Infinity  ft/s

061 ft

0.56 ft

220000 9%

4/22/2013 1:28:39 PM
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Worksheet for Channel 5-North
GVF Output Data e

Critical Slope 0.03003 ft/it

MWH

Bentley Systéms, Inc. Haestad Methods SolRntl@ehftewMaster V8i (SELECTseries 1) [08.11.01.03]
412212013 1:28:39 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Channel 5-South UPPER REACH

IProject Description

Friction Method
Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width
Discharge

{Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

:GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velogcity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Normal Depth

0.040
12.50000
2.00
2.00
10.00
26.27

0.37
3.95
11.65
0.34
11.47
0.56
0.03003
6.39
0.63
1.00
1.92

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.37

0.56

12.50000

MWH

4/22/2013 1:28:44 PM

Bentley Systems, Inc. Haestad Methods SoliBemil€ehtewMaster V8i (SELECTseries 1) [08.11.01.03]
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%
fi/ft (H:V)
ft/ft (H:V)
ft

ft¥/s

ft




Worksheet for Channel 5-South UPPER REACH

GVF Output Data

Critical Slope 0.03003 ft/ft

MWH

Bentley Systems, Inc. Haestad Methods SollBemtl@eRtewwMaster V8i (SELECTseries 1) [08.11.01.03]
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Worksheet for Channel 5-South DIVERSION

Project Description

Friction Method

Channel Slope

MWH

Manning Formula

Solve For Normal Depth
Input Data
Roughness Coefficient 0.040
Channel Slope 1.90000 %
Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 10.00 ft
Discharge 2527 ft¥s
Resllts
Normal Depth 0.64 ft
Flow Area 7.24 {2
Wetted Perimeter 12.87 ft
Hydraulic Radius 0.56 ft
Top Width 1257 ft
Critical Depth 0.56 ft
Critical Slope 0.03003 fi/ft
Velocity 3.49 fi/s
Velocity Head 019 ft
Specific Energy 0.83 1t
Froude Number 0.81
Flow Type Subcritical
GVF Input Data
Downstream Depth 0.00
Length 0.00 1t
Number Of Steps 0
GVF Output Data
Upstream Depth 0.00 ft
Profile Description
Profile Headloss 0.00 it
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 064 ft
Critical Depth 0.56 ft
1.90000 %

Bentley Systems, Inc. Haestad Methods SolBantl@eRtewMaster V8i (SELECTseries 1) [08.11.01.03]
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Worksheet for Channel 5-South DIVERSION

‘GVF Output Data

Critical Slope

MWH

4/22/2013 1:29:21 PM

0.03003 fi/ft
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Worksheet for Channel 6

Project Description

Friction Method
Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width
Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

'GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula
Normal Depth

0.040
4.20000
2.00
2.00
10.00
3.97

0.17
1.75
10.76
0.16
10.68
0.17
0.04314
2.27
0.08
0.25
0.99

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.17

0.17

4.20000

MWH

412212013 1:28:48 PM

Bentley Systems, Inc. Haestad Methods SolBantl@ehtewMaster V8i (SELECTseries 1) [08.11.01.03]
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

%

f/ft (H:V)
f/ft (H:V)
ft

ft¥fs

ﬂz

ft/ft

ft
ft/s
ft/s
ft
ft
%




Worksheet for Channel 6

GVF Output Data

Critical Slope 0.04314 ft/t

MWH

Bentley Systems, Inc. Haestad Methods SolBimil@ehtewMaster V8i (SELECTseries 1) [08.11.01.03]
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" Worksheet for Channel 7

Project Description

Friction Method

Solve For
Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
IGVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

Manning Formula

Normal Depth

0.040
1.30000
2.00
2.00
10.00
3.97

0.24
252
11.07
0.23
10.96
0.17
0.04315
1.58
0.04
0.28
0.58

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.24

0.17

1.30000

MWH

4/22/2013 1:28:52 PM

Bentley Systems, Inc. Haestad Methods SolBintl@eRtewMaster V8i (SELECTseries 1) [08.11.01.03]
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%

ft/ft (H:V)
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Worksheet for Channel 7

GVF Output Data

Critical Slope

0.04315 f/ft

MWH

4/22/2013 1:28:52 PM
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Worksheet for Channel S-West

'Project Description

Friction Method

Solve For
Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width
Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number
Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

MWH

4/2212013 1:28:56 PM

Manning Formula
Normal Depth

0.040
2.00000
2.00
2.00
10.00
6.53

0.28
3.00
11.27
0.27
11.14
0.23
0.03897
2.18
0.07
0.36
0.74

Subcritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.28

0.23

2.00000

%

ft/ft (H:V)
ft/ft (H:V)
ft

ft?/s
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Worksheet for Channel S-West

GVF Output Data

Critical Slope

MWH

4/22/2013 1:28:56 PM

0.03897  ft/ft
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Worksheet for Channel Bench Ditches

\Project Description

Friction Method

Channel Slope

MWH

Manning Formula

Solve For Normal Depth
Input Data
Roughness Coefficient 0.040
Channel Slope 0.50000 9%
Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 10.00 ft
Discharge 25.35 ft3s
fResuIts
Normal Depth 0.95 1t
Flow Area 11.27 ft?
Wetted Perimeter 14.24
Hydraulic Radius 079 ft
Top Width 13.79 ft
Critical Depth 0.56 ft
Critical Slope 0.03002 ft/ft
Velocity 2.25 fiis
Velocity Head 0.08 1t
Specific Energy 1.03 ft
Froude Number 0.44
Flow Type Subcritical
GVF Input Data
Downstream Depth 0.00
Length 0.00
Number Of Steps 0
GVF Output Data
Upstream Depth 0.00 it
Profile Description
Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 095 1t
Critical Depth 056 1t
0.50000 %

Bentley Systems, Inc. Haestad Methods SolBimtl©ehterMaster V8i (SELECTserles 1) [08.11.01.03]
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Worksheet for Channel Bench Ditches

GVF Output Data

Critical Slope 0.03002 ft/ft

MWH

Bentley Systems, Inc. Haestad Methods Sol@&nil@eftewMaster V8i (SELECTseries 1) [08.11.01.03]
412212013 1:28:59 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Channel Ramp Ditches

Project Description

Friction Method

Solve For

Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width

Discharge

Results

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
‘GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

MWH

4/22/2013 1:29:03 PM

Manning Formula
Normal Depth

0.040
10.00000
2.00
2.00
10.00
25.356

0.39
4.25
11.76
0.36
11.58
0.56
0.03002
5.97
0.55
0.95
1.74

Superecritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.39

0.56

10.00000

%
ft/ft (H:V)
fi/ft (H:V)
ft

ft/s

fti

fi/ft
ft/s
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Worksheet for Channel Ramp Ditches

‘GVF Output Data

Critical Slope 0.03002 ft/it

Bentley Systems, Inc. Haestad Methods SolBimil€eftewMaster V8i (SELECTseries 1) [08.11.01.03]
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Worksheet for Channel 2-South

Project Description

Friction Method

Solve For
Input Data

Roughness Coefficient
Channel Slope

Left Side Slope

Right Side Slope
Bottom Width
Discharge

:Reéults

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type
GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

MWH

4/22/2013 1:29:24 PM

Manning Formula

Normal Depth

0.040
6.00000
2.00
2.00
10.00
2.00

0.10
1.03
10.45
0.10
10.40
0.11
0.04982
1.94
0.06
0.16
1.09

Supercritical

0.00
0.00

0.00

0.00
Infinity
Infinity

0.10

0.11

6.00000

%

ft/ft (H:V)
fi/ft (H:V)
ft

fto/s

ft2

ft/ft
ft/s
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Worksheet for Channel 2-South

GVF Output Data

Critical Slope 0.04982 ft/it

Bentley Systems, Inc. Haestad Methods SolBenil€efRtowMaster V8i (SELECTseries 1) [08.11.01.03]
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APPENDIX D.4
CULVERT SIZING



APPENDIX D.4 — CULVERT SIZING
Mine Area Culverts

Based on the completed 100-yr storm flows (see SEDCAD Printouts, Appendix D.1), and the attached
nomograph, (American Iron and Steel Institute, 1971) 24 inch diameter CMP should suffice at all culvert
installation locations. Design parameters for peak flow calculations are discussed in Appendix D.1. Road
swales can be constructed to provide additional capacity if desired.

Ditch Designation Peak Flows (cfs) Min - Culvert Size (in) # of Culverts
Ditch 1 — East 30.53 24 2
Ditch S- West 6.53 18 1

Ditch 2C — North 9.51 21 1

Ditch 2 —North 68.74 24 3
Culvert under Coal 6 15 1
Stockpile to Slurry Pond

Culverts must be installed at a minimum 1% grade to ensure self-cleaning.
Access Road Culverts

For design purposes, it is assumed that the predominant soil types throughout the access road alignment
are equivalent to those located in the mine area. Accordingly, a conservative runoff curve number of 70
has been used in the flood routing to size the haul road culverts. The condition modeled represents
antecedent moisture condition (AMC) II. It is further pointed out that haul road culvert catchment areas
are generally undisturbed, thus an additional conservatism exists in the curve number selection.
Additional descriptive soil information for the SEDCAD4 modeling is contained in Appendix D.1.

Culvert sizes have been based on 100 yr storm flood routing using the SEDCAD4 computer program.
Culvert locations are shown on Plat 9-2. A revised figure based on Plate 9-2 is attached, which
enumerates the culverts and delineates their respective catchment areas.

From this revised figure, culvert Nos. 5 and 9 were selected as the critical design cases as No. 9 has the
largest catchment area (39.5 acres) and No. 5 the steepest overall catchment (30% slopes). Based on the
attached SEDCADA4 runs for the these culverts, peak design flood flows of 7.21 and 20.48 cfs have been
calculated for culvert No. 5 and No. 9, respectively. The SEDCAD4 runs calculated a culvert size of 18”
and 247 culverts for culverts No.5 and No. 9, respectively. Accordingly, all culverts along the access road
have been designated 24” diameter CMP installations.
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SEDCAD 4.0

M anurinht 1002_2N1N Damala | Qahwiah

Culvert Inputs:

Ditch 1-East (Flow 30.53 cfs/2)

Max. Entrance
Length (ft) Slope (%) Manning's n Headwater  Tailwater (ft)  Loss Coef.
(ft) (Ke)
100.00 1.00 0.0150 2.50 0.00 0.90

Culvert Results:

Minimum pipe diameter: 1 - 24 inch pipe(s) required

Detailed Performance Curves

Design Discharge = 15.27 cfs

Maximum Headwater = 2.50 ft

(BOLD indicates design pipe size)

Discharge Discharge Discharge
Heazif\é\;ater (cfs) (cfs) (cfs)
(21in) (24in) (30in)
0.25 0.47 0.54 0.67
0.50 1.30 1.48 1.85
0.75 2.38 2.72 3.40
1.00 3.67 4.19 5.24
1.25 5.12 5.85 7.32
1.50 6.73 7.69 9.62
1.75 8.48 9.70 12.12
2.00 10.36 11.84 14.81
2.25 11.91 14.13 17.67
2.50 13.33 16.09 20.69
2.75 14.61 17.89 23.87
3.00 15.53 19.52 26.90
3.25 16.29 21.02 29.41
3.50 17.01 22.36 31.84
3.75 17.70 23.35 34.10

SEDCAD Utility Run

Printed 04-22-2013



SEDCAD 4.0

M anurinht 1002_2N1N Damala | Qahwiah

Culvert Inputs:

Ditch S-West Culvert

Max. Entrance
Length (ft) Slope (%) Manning's n Headwater  Tailwater (ft)  Loss Coef.
(ft) (Ke)
100.00 1.00 0.0150 2.00 0.00 0.90

Culvert Results:

Minimum pipe diameter: 1 - 18 inch pipe(s) required

Detailed Performance Curves

Design Discharge = 6.53 cfs

Maximum Headwater = 2.00 ft

(BOLD indicates design pipe size)

Discharge Discharge Discharge
Heazif\é\;ater (cfs) (cfs) (cfs)
(15in) (18in) (21in)
0.20 0.24 0.28 0.33
0.40 0.68 0.81 0.93
0.60 1.22 1.46 1.71
0.80 1.88 2.25 2.62
1.00 2.62 3.14 3.67
1.20 3.44 4.13 4.82
1.40 4.34 5.20 6.07
1.60 5.10 6.36 7.42
1.80 5.72 7.46 8.85
2.00 6.13 8.43 10.36
2.20 6.44 9.30 11.60
2.40 6.73 9.92 12.78
2.60 7.02 10.39 13.85
2.80 7.29 10.83 14.85
3.00 7.55 11.25 15.54

SEDCAD Utility Run

Printed 04-22-2013



SEDCAD 4.0

M anurinht 1002_2N1N Damala | Qahwiah

Culvert Inputs:

Ditch 2C-North Culvert

Max. Entrance
Length (ft) Slope (%) Manning's n Headwater  Tailwater (ft)  Loss Coef.
(ft) (Ke)
100.00 1.00 0.0150 2.00 0.00 0.90

Culvert Results:

Minimum pipe diameter: 1 - 21 inch pipe(s) required

Detailed Performance Curves

Design Discharge = 9.51 cfs

Maximum Headwater = 2.00 ft

(BOLD indicates design pipe size)

Discharge Discharge Discharge
Heazif\é\;ater (cfs) (cfs) (cfs)
(18in) (21in) (24in)
0.20 0.28 0.33 0.38
0.40 0.81 0.93 1.06
0.60 1.46 1.71 1.95
0.80 2.25 2.62 3.00
1.00 3.14 3.67 4.19
1.20 4.13 4.82 5.50
1.40 5.20 6.07 6.94
1.60 6.36 7.42 8.48
1.80 7.46 8.85 10.11
2.00 8.43 10.36 11.85
2.20 9.30 11.60 13.67
2.40 9.92 12.78 15.36
2.60 10.39 13.85 16.83
2.80 10.83 14.85 18.23
3.00 11.25 15.54 19.52

SEDCAD Utility Run

Printed 04-22-2013



SEDCAD 4.0

M anurinht 1002_2N1N Damala | Qahwiah

Ditch 2- North Culvert (Flow 68.74cfs/3)

Culvert Inputs:

Max. Entrance
Length (ft) Slope (%) Manning's n Headwater  Tailwater (ft)  Loss Coef.
(ft) (Ke)
100.00 1.00 0.0150 4.00 0.00 0.90

Culvert Results:

Minimum pipe diameter: 1 - 24 inch pipe(s) required

Detailed Performance Curves
Design Discharge = 23.00 cfs
Maximum Headwater = 4.00 ft

(BOLD indicates design pipe size)

Discharge Discharge Discharge

Heazif\é\;ater (cfs) (cfs) (cfs)
(21in) (24in) (30in)

0.40 0.94 1.07 1.33

0.80 2.62 3.00 3.75

1.20 4.82 5.51 6.88
1.60 7.42 8.48 10.59
2.00 10.36 11.85 14.81
2.40 12.77 15.35 19.46
2.80 14.81 18.22 24.53
3.20 16.14 20.74 28.90
3.60 17.29 22.77 32.77
4.00 18.36 24.28 36.22
4.40 19.38 25.72 39.37
4.80 20.35 27.07 42.29
5.20 21.27 28.36 44.94
5.60 22.16 29.59 47.09
6.00 23.01 30.78 49.15

SEDCAD Utility Run Printed 04-22-2013



SEDCAD 4.0

M anurinht 1002_2N1N Damala | Qahwiah

Culvert Inputs:

Slurry Pond Culvert

Max. Entrance
Length (ft) Slope (%) Manning's n Headwater  Tailwater (ft)  Loss Coef.
(ft) (Ke)
100.00 1.00 0.0150 2.00 0.00 0.90

Culvert Results:

Minimum pipe diameter: 1 - 15 inch pipe(s) required

Detailed Performance Curves

Design Discharge = 6.00 cfs

Maximum Headwater = 2.00 ft

(BOLD indicates design pipe size)

Discharge Discharge Discharge
Heazif\é\;ater (cfs) (cfs) (cfs)
(12in) (15in) (18in)
0.20 0.19 0.24 0.28
0.40 0.53 0.68 0.81
0.60 0.98 1.22 1.46
0.80 1.50 1.88 2.25
1.00 2.05 2.62 3.14
1.20 241 3.44 4.13
1.40 3.11 4.34 5.20
1.60 3.35 5.10 6.36
1.80 3.57 5.72 7.46
2.00 3.74 6.13 8.43
2.20 3.92 6.44 9.30
2.40 4.08 6.73 9.92
2.60 4.24 7.02 10.39
2.80 4.39 7.29 10.83
3.00 4.54 7.55 11.25

SEDCAD Utility Run

Printed 04-22-2013
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Culvert No. 5 UPDATED Design

Culvert No. 5 was selected as the critcal design case for
Wishbone Hill based on overall slope steepness (30% slopes).

Brandon A Coleman

Filename: Culvert No 5.sc4 Printed 04-22-2013



SEDCAD 4 for Windows

Canurinht 1002 _2N1N Damala | Qahwiah

General Information

Storm Information:

Storm Type: NRCS Type 1
Design Storm: 100 yr - 24 hr
Rainfall Depth: 3.810 inches

Filename: Culvert No 5.sc4 Printed 04-22-2013
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Canurinht 1002 _2N1N Damala | Qahwiah

Structure Networking:

(flows Musk. K L
Type Stru # into) Stru # (hrs) Musk. X | Description
Culvert #1 ==> End 0.000 0.000 | Culvert No. 5
#1
Culvert

Filename: Culvert No 5.sc4

Printed 04-22-2013
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Canurinht 1002 _2N1N Damala | Qahwiah

Structure Summary:
Immediate Total Peak Total
Contributing Contributing Discharge Runoff
Area Area 9 Volume
(ac) (ac) (i) (ac-ft)
#1 12.360 12.360 7.21 1.24

Filename: Culvert No 5.sc4

Printed 04-22-2013
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Canurinht 1002 _2N1N Damala | Qahwiah

Structure Detail:
Structure #1 (Culvert)

Culvert No. 5
Culvert Inputs:

Max. Entrance

Length (ft) Slope (%) Manning's n Headwater  Tailwater (ft)  Loss Coef.

(ft) (Ke)
100.00 1.00 0.0150 2.00 0.00 0.90

Culvert Results:

Design Discharge = 7.21 cfs

Minimum pipe diameter: 1 - 18 inch pipe(s) required

Filename: Culvert No 5.sc4

Printed 04-22-2013
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Canurinht 1002 _2N1N Damala | Qahwiah

Subwatershed Hydrology Detail:

) Peak Runoff
" 5\2,5 SWS Area Time of Conc Musk K s Curve e Discharge Volume
(ac) (hrs) (hrs) Number (cfs) (ac-ft)

#1 1 12.360 0.050 0.000 0.000 70.000 TR55 7.21 1.238

h 12.360 7.21 1.238

Filename: Culvert No 5.sc4

Printed 04-22-2013
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wrinht 1002 _2N1N Damala

Culvert No. 9 UPDATED Design

Culvert No. 9 was selected as the critcal design case for
Wishbone Hill based on catchment area (39.5 acres).

Brandon A Coleman

Filename: Culvert No 9.sc4 Printed 04-22-2013
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General Information

Storm Information:

Storm Type: NRCS Type 1
Design Storm: 100 yr - 24 hr
Rainfall Depth: 3.810 inches

Filename: Culvert No 9.sc4 Printed 04-22-2013



SEDCAD 4 for Windows

Canrinht 10092 _2N1N Damala | Qrhwiah

Structure Networking:

(flows Musk. K -
Type Stru # into) Stru # (hrs) Musk. X | Description
Culvert #1 ==> End 0.000 0.000 | Culvert No. 9
#1
Culvert

Filename: Culvert No 9.sc4

Printed 04-22-2013



SEDCAD 4 for Windows

Canrinht 10092 _2N1N Damala | Qrhwiah

Structure Summary:
Immediate Total
_— Ta Peak Total Runoff
Contributing Area  Contributing Area Discharge Volume
EE) EE) (cfs) (ac-ft)
#1 39.500 39.500 20.48 403

Filename: Culvert No 9.sc4

Printed 04-22-2013
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Canrinht 10092 _2N1N Damala | Qrhwiah

Structure Detail:
Structure #1 (Culvert)

Culvert No. 9
Culvert Inputs:

Max. Entrance

Length (ft) Slope (%) Manning's n Headwater  Tailwater (ft) Loss Coef.

(ft) (Ke)
100.00 1.00 0.0150 3.25 0.00 0.90

Culvert Results:

Design Discharge = 20.48 cfs

Minimum pipe diameter: 1 - 24 inch pipe(s) required

Filename: Culvert No 9.sc4

Printed 04-22-2013
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M Aanurinht 1002 _2N1N Damala

Windows

I Qrhwiah

Subwatershed Hydrology Detail:

SWS SWS Area  Time of Conc Musk K Curve Peak Runoff Volume
Stru # Musk X UHS Discharge
# (ac) (hrs) (hrs) Number (ac-ft)
(cfs)
#1 1 39.500 0.150 0.000 0.000 70.000 TR55 20.48 4.027
Yy 39.500 20.48 4.027

Filename: Culvert No 9.sc4

Printed 04-22-2013



APPENDIX D.5
SPILLWAY SIZING



TABLE D.5-1 SPILLWAY SIZING SUPERCEEDS DIMENSIONS SHOWN ON FIGURE D-1

) UPDATED Peak Flow Flow Depth Minimum Bottom Width
Sediment Pond Number

(cfs) (ft) (ft)

1 30.53 1.00 10.18

2 87.58 1.00 29.19

3 6.09 1.00 2.03

4 1.66 1.00 0.55

5 43.75 1.00 14.58

6 3.97 1.00 1.32

7 3.97 1.00 1.32
FRESH WATER POND NO. 1 43 1.00 15
FRESH WATER POND NO. 2 8 1.00 2.7




CRITERIA

NOT TO EXCEED 1 FT OF FLOW DEPTH THRU CHANNEL

—

v

1
1 / H

B

USE: Q = 3 X BH %

WHERE Q -
B -
H =
POND Q
SED. POND 1 21
SED. POND 2 33
SED. POND 3 5
SED. POND 4 2
SED. POND § 32
SED. POND 6
SED. POND 7
FRESH WATER POND NO. 1 43
FRESH WATER POND NO. 2 8

B:Q/ (3XH%) = Q/3
PEAK FLOW FROM TABLE D./-2
CHANNEL BOTTOM WIDTH
HEIGHT OF FLOW IN CHANNEL

H MIN. Bx
1 7

1 11

1 1.7

1 0.7

1 11

1 1

1 1

1 15

1 2.7

x USE B=5" OR MIN B, WHICHEVER IS GREATER.

1 hereby certify that this drawing has been
prepared under my direction and is correct
to the beat of my knowledge and belief.

CERTIFICATE

M[: /%L'yrmlﬂ—/

{ PROJECT NO.

17202

IDEMITSU ALASKA, INC.
c/0 McKINLEY MINING CONSULTANTS, INC.
634 South Bailey, Sulte 203, Paimer AK 99645

FIGURE D-1 | )

DATE WISHBONE HILL MINE
08/89 MATANUSKA—SUSITNA BOROUGH, ALASKA
REVISION | sarsna s

0

STEFFEN ROBERTION & KIRSTEN (U.3.)
Consulting Engineers & Solentists

POND EMERGENCY OVERFLOW
INLET DESIGNS

\>

Z

— RECEIVED JUL 31 1990




DITCH DESIGN SPREADShEET
USING MANNINGS EQUATION
FOR TRAPEZOIDAL OR V-SHAPED DITCHES DATE:  29-Aug-89

GENERAL INFORMATION

PROJECT OR BILLING NO. WISHBONE HILL PROJECT 17202
FEATURE FRESH WATER POND NO. 2 SPILLWAY
DESIGN EVENT: RETURN PERIOD AND DURATION 100.0 YR 24 HR
FREEBOARD REQUIREMENT (FT) 1.0

SIZING CRITERIA (INPUT)

DESIGN FLOW (CFS) 8.0 INTERIM CALCS

TRIAL WIDTH (CHANNEL BOTTOM,FT) 5.0

TRIAL FLOW DEPTH (FT) 0.6 AREA 3.72 sQ FT
CHANNEL SIDE SLOPE (H:1), H= 2.0 WET PERIM 7.68 FT
CHANNEL LONGITUDINAL SLOPE (%) 0.9 HYD RADIUS 0.48 FT
MANNINGS "n" VALUE 0.035

CALCULATIONS (OUTPUT)

COMMENT

FLOW CAPACITY (CFS) 9.3 0K
MEAN FLOW VELOCITY (FPS) 2.5

REE SURFACE WIDTH (TOP WIDTH, FT) 7.4

(OTAL DEPTH OF CHANNEL (FT) 1.6

FROUDE NUMBER 0.6

RIPRAP REQUIREMENT

d50 OF REQUIRED RIPRAP (IN) NO RIPRAP REQUIRED

*NOTE: ASSUMED SPECIFIC GRAVITY OF ROCK
USED FOR RIPRAP = 2.65



DITCH DESIGN SPREADSHEET
USING MANNINGS EQUATION
FOR TRAPEZOIDAL OR V-SHAPED DITCHES

GENERAL INFORMATION

PROJECT OR BILLING NO.
FEATURE

DESIGN EVENT: RETURN PERIOD AND DURATION

FREEBOARD REQUIREMENT (FT)

SIZING CRITERIA (INPUT)

DESIGN FLOW (CFS)

TRIAL WIDTH (CHANNEL BOTTOM,FT)
TRIAL FLOW DEPTH (FT)

CHANNEL SIDE SLOPE (H:1), H=
CHANNEL LONGITUDINAL SLOPE (%)
MANNINGS ‘''n'" VALUE

CALCULATIONS (OUTPUT)

FLOW CAPACITY (CFS)

MEAN FLOW VELOCITY (FPS)

‘REE SURFACE WIDTH (TOP WIDTH, FT)
TOTAL DEPTH OF CHANNEL (FT)

FROUDE NUMBER

RIPRAP REQUIREMENT

d50 OF REQUIRED RIPRAP (IN)

*NOTE: ASSUMED SPECIFIC GRAVITY OF ROCK

USED FOR RIPRAP =

DATE: 29-Aug-89

WIShBONE HILL PROJECT 17202
FRESh WATER POND NO. 1 SPILLWAY
100.0 YR 24 HR
1.0

42.6 INTERIM CALCS

10.0

0.7 AREA

2.0 WET PERIM

3.0 HYD RADIUS
0.035

COMMENT
43.3 0K
5.3
12.8
1.7
1.2 **SUPERCRITICAL FLOW!**

**SUPERCRITICAL FLOW!**

2.65

8.11 sQ FT
13.18 FT
0.62 FT



APPENDIX E
DESIGN CALCULATIONS FOR BUFFALO CREEK DIVERSION
AND CHANNEL RELOCATICN



APPENDIX E - DESIGN CALCULATIONS FOR BUFFALO CREEK DIVERSION AND CHANNEL
RELOCATION

This Appendix contains the design calculations for the Buffalo Creek diversion
structure, relocated channel, and diversion pipeline.

Calculation of the 100-yr stream flow was done using WASHED, an adaptation of
WASHMO which utilizes SCS hydrograph techniques, developed by SRK for the IBM PC.
Input parameters for WASHED include catchment areas, lengths and slopes, SCS
curve number, and storm type and storm precipitation. The program calculates the
runoff hydrograph for the catchment areas based on one of three hydrograph
techniques, including double triangle, which was the technique used for these
calculations. AMC II and a runoff curve number of 80 were assumed for the
hydrograph calculation. The Tead-in text of Appendix D gives further information
on the site soil types and design assumptions. The higher curve number has been
selected to reflect the likelihood of more predominant near-surface bedrock or
bedrock outcrop in the catchment area as compared to the mine area. A working
sketch is attached which shows the catchment boundary for the diversion.

The relocated channel segment was sized using the 100-yr peak flow and Manning’s
equation.

Riprap sizing was based on conservative urban design techniques (Wright-
McLaughlin Engineers, 1969},

Sizing of the diversion pipeline was based on plant requirements provided by MMCI
and anticipated creek flow based on the runoff assessment (Appendix B).

Depth of cover for the pipeline was based on estimated freezing depth for the
materials anticipated along the alignment using the Stefan equation and regional
information on Alaska climate (Andersiand and Anderson, 1978 and Cold Regions
Engineering Short Course, 1984).
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* *
* HYDROILOGTICA AL SYSTEMS *
% *

IR T R AT ST RS SEE TS SRS S EE SR EEEEEEE LR EEEEEEEEEEEE S SR
*

*

* PROGRAM - WASHED %
* *
* WATERSHED MODELLING *
* %
* PROGRAM TO DETERMINE RUNCFF HYDROGRAPHS *
* AND SEDIMENTGRAPHS FOR SMALL CATCHMENTS *
:*****************************************************:

PROJECT DESCRIPTION
MAJOR WATERSHED NAME

WISHBONE HILL
BUFFAILQ CREEK CHANNEL RELOCATION

COMPANY DOING ANALYSIS : SRK
ENGINEER : RJF
DATE : 30-MAY-89
CLIENT : MMC

THE INPUT DATA FILE IS tA:BUFFDIV.
THE FLOOD HYDROGRAPH AND SEDIMENTGRAPH IS NOT STORED




khkkkhkkkhhkhdRkhhhdhhhhkthhkhhhrhhkhhkhdEtdrhdhhhkrdddhkhhkhhkhdxhdidi*

WATERSHED CONDITIONS AT BUFFALO CREEK DIVERS
e e T R R T T R T T R

GLOBAL PARAMETERS

RAINFALL {mm. ) : 90.93

INITIAL ABSTRACTION (mm. ) : .00
-- will default to the SCS method

TIME INCREMENT OF HYDROGRAPH FROM START OF RUNOFF : .10

RAINFALL DPISTRIBUTION SELECTED :5C5 TYPE 1 CURVE

AEEEEEE R AR A AR R AR A AL AR A A A LR AL TRRAAR A AR R AT AR R AR Ak ko k ko kkhkkhkkkhhdhdkx

SUBWATERSHED CONDITIONS AT BUFF CR DIV
R R R T L e R L

RAINFALL PARAMETERS

SCS CURVE NUMBER
UNIT HYDROGRAPH SELECTED

80.00
DOUBLE TRIANGLE

MAP PARAMETERS

AREA (ha.) : 110.00
HYDRAULIC LENGTH (m.) :  2286.00
PERCENT FOREST (%) : 10.00
PERCENT AGRICULTURE (%) : .00
PERCENT GRASSIAND (%) : .00
OVERLAND FLOW SLOPE (%) : 25.00
CHANNEL SLOPE (%) : 10.00
CHANNEL LENGTH FROM SUBWATERSHED  (m.) : .00
TYPE OF CHANNEL FROM SUBWATERSHED :AN UNLINED CHANNEL
CORRECTION FACTOR FOR IMPERVIOUS AREA : 1.00
CORRECTION FACTOR FOR CHANNEL IMPROVEMENTS : 1.00
AREAL REDUCTION FACTOR : 1.00

SEDIMENT PARAMETERS

THERE IS NO SEDIMENT DATA FOR THIS SUBWATERSHED




k%k%kkk*kk%xk%x  STORM HYDROGRAPH GENERATED FROM START OF RAINFALL  #*#%*kk%kk% %%

TIME * 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
***************'k'k‘k**********************************************************
.0 * .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
1.0 * .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
2.0 * .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
3.0 * .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
4,0 * .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
5.0 * .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
6.0 * .0 .0 .0 .0 .0 .0 .0 .0 .0 .0
7.0 *® .0 .0 .0 .1 .1 ] .1 .1 .1 .1
8.0 * .1 .1 .3 .5 .5 .4 .4 .3 .3 .3
9.0 * .3 .3 .4 .5 .7 .9 1.3 1.8 2.5 3.2
10.0 * 4.3 5.0 3.9 3.1 3.0 2.9 2.7 2.5 2.4 2.2
11.0 * 2.0 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.2 1.1
12,0 * 1.0 1.0 .9 .9 .8 .8 .7 .7 .7 .7
13.0 * .7 .6 .6 .6 .7 .7 .7 .7 .8 .8
14.0 * .8 .9 .9 .9 .9 .9 .8 .8 .8 .8
15.0 * .8 .8 .7 .7 .7 .7 .7 .6 .6 .6
16.0 * .6 .6 .6 .5 .5 .5 .5 .5 .5 .5
17.0 * .5 .4 .4 .4 .4 .4 .4 .4 .4 .4
18.0 * 4 .4 .4 4 .4 .4 .4 .4 .4 .4
19.0 * .4 .4 .4 4 .5 .5 .5 .5 .5 5
20.0 * .5 .5 .5 .5 .5 .5 .5 .5 .5 .5
21.0 * .5 .5 .5 .5 .5 .5 .5 .5 .5 .5
22.0 * .5 .5 .5 .5 .5 .5 .5 .5 .5 .5
23.0 * .5 .5 .5 .5 .5 .5 .5 .5 .5 .5
24.0 * .5 .4 .3 .2 .1 .1 .1 1 .0 .0

INITTAL ABSTRACTION

ROUTED FLOW TIME FROM THE SUEBWATERSHED
TIME TO PEAK OF UNIT HYDROGRAPH

THE DEPTH OF WATER ON WATERSHED
VOLUME OF RUNOFF

PEAK RUNOFF RATE

TIME TO PEAK RUNOFF

Il

12.70 mm.,
.00 hours.
hours.
43,11 mm.
47.40 thousand cu.m.
5.00 Cu. m./sec.
©10.10 hours.

o
=
1%

[

THERE IS NO SEDIMENT CONTAINED IN THE STORM RUNOFF FROM THIS WATERSHED




TOTAL AREA OF THE WATERSHED

THE DEPTH OF WATER ON WATERSHED
VOLUME OF RUNOFF

PEAK RUNOFF RATE

TIME TO PEAK RUNOFF

TIME INCREMENT OF NEW HYDROGRAPH
NUMBER OF RUNOFF VALUES

110.00 ha.
43.11 mm.
47.39 thousand cu.m.
5.00 cu. m./sec.
10.10 hours.
.10 hours.
186

e n

Fkkkkdk STORM HYDROGRAPH GENERATED FROM START OF RUNOFF kk%x%%%%

0 .0 .0 .0 .0 -0 .0 .0 -1
1 .1 .1 1 1 .1 -1 <3 .5
4 .4 .3 -3 «3 «3 .3 -4 .5
.9 1.3 1.8 2.5 3.2 4.3 5.0 3.9 3.1

2.9 2.7 2.5 2.4 2.2 2.0 1.8 1.7 1.6

1.4 1.3 1.2 1.2 1.1 1.0 1.0 .9 .9
-8 .7 7 7 -7 .7 .6 .6 .6
7 .7 -7 8 .8 -8 .9 .9 -9
9 .8 .8 8 .8 .8 -8 .7 .7
7 .7 .6 -6 .6 .6 .6 -6 .5
5 .b -5 5 .5 .5 .4 .4 -4
4 .4 .4 4 -4 .4 -4 -4 .4
4 .4 .4 4 Ny .4 .4 -4 .4
5 .5 .5 5 .B .5 .5 .5 .5
5 -5 .5 .5 .5 .b -5 .5 +5
5 .5 .5 .5 .5 .5 .5 .5 .5
5 .b .b 5 -5 .5 .5 .5 .5
-5 .b .5 5 -5 .5 -4 .3 .2
-1 .1 .1 0 -0 .0

IO IR GRS GRS SR G R Vo S e+ 6 ) e TS I & £ I oo



DITCH DESIGN SPREADSHEET
USING MANNINGS EQUATION
FOR TRAPEZOIDAL OR V-SHAPED DITCHES

GENERAL INFORMATION

PROJECT OR BEILLING NO.
FEATURE

DESIGN EVENT: RETURN PERIOD AND DURATICN

FREEBOARD REQUEREMENT (FT)

SIZING CRITERIA (INPUT)

DESIGN FLCW (CFS)

TRIAL WIDTH (CHANNEL BOTTOM,FT)
TRIAL FLOW DEPTH (FT)

CHANNEL SIDE SLOPE (H:1), H=
CHANMEL LONGITUDINAL SLOPE (%)
MANNINGS ¥n" VALUE

CALCULATIONS (CUTPUT)

FLOW CAPACITY (CFS}

MEAN FLOW VELOCITY (FPS)

FREE SURFACE WIDTH (TOP WIDTH, FT)
TOTAL DEPTH OF CHANKEL (FT)

FROUDE NUMBER

RIPRAP REQUIREMENT

d5C OF REQUIRED RIPRAP (IN)

*NOTE: ASSUMED SPECIFIC GRAVITY OF ROCK

USED FOR RIPRAP =

DATE : 29-Jul -89

106.0 YR
1.0

180.0
1.0
2.5
2.0
0.5
0.030

COMMENT
192.7 OK
5.1
20.0
3.5
0.7

1.3

2.65

WISHBONE HILL PROJECT 17202
BUFFALO CREEK RELOCATED SEGMENT- TYPE 1

24 HR

INTERIM CALCS

AREA
WET PERIM
HYD RADIUS

37.50 s FT
21.18 7T
1.77 FT



DITCH DESIGN SPREADSHEET
USING MANNINGS EQUATION
FOR TRAPEZOIDAL OR V-SHAPED DITCHES

GENERAL INFORMATION

PROJECT OR BILLING KO.

FEATURE

DESIGN EVENT: RETURN PERIOD AND DURATION
FREEBOARD REQUIREMENT (FT)

SIZING CRITERIA (INPUT)

DESIGN FLOW (CFS$}

TRIAL WIDTH (CHANNEL BOTTOM,FT)
TRIAL FLOW DEPTH (FT)

CHANNEL SIDE SLOPE (H:1), H=
CHANNEL LONGITUDINAL SLOPE (%)
MANNINGS “n" VALUE

CALCULATIONS (CUTPUT}

FLOW CAPACITY (CFS)

MEAN FLOW VELOCITY (FPS)

FREE SURFACE WIDTH (TOP WIDTH, FT)
TOTAL DEPTH OF CHANNEL (FT)

FROUGE NUMBER

RIPRAP REQUIREMENT

d50 OF REQUIRED RIPRAP (IN)

*NOTE: ASSUMED SPECIFIC GRAVITY OF ROCK
USED FGR RIPRAP =

DATE: 29-Jul-89

WISHBONE HILL PROJECT 17202

BUFFALC CREEK RELOCATED SEGMENT- TYPFE 2

160.0 YR 24 HR
1.0

180.0 INTERIM CALCS
1.0

0.9 AREA

2.0 WET PERIM
33.0 HYD RADIUS
0.040

COMMENT
188.8 oK
17.8
13.6
1.9
3.5 **SUPERCRITICAL FLOW!**

**GUPERCRITICAL FLOWi**

2.65

10.62 50 FT
14.02 FT
G.76 FT



DITCH DESIGN SPREADSHEET
USING MANNINGS EQUATION
FOR TRAPEZOIDAL OR V-SHAPED DITCHES DATE:  29-Jul-89%

GENERAL INFCRMATION

PROJECT OR BILLING NO. WISHBONE HILL PROJECT 17202

FEATURE BUFFALO CREEK RELOCATED SEGMENT- TYPE 3
DESIGN EVENT: RETURK PERIOD AND DURATION 190.0 YR 24 KR

FREEBOARD REQUIREMENT (FT) 1.0

SIZING CRITERIA (INPUT)

DESIGN FLOW (CFS) 180.0 INTERIM CALCS

TRIAL WIDTH (CHANNEL BOTTOM,F7) 10.0

TRIAL FLOW DEPTH (FT} 2.0 AREA 28.00 sQ FT
CHANNEL SIDE SLOPE (H:1), H= 2.0 WET PERIM 18.94 FT
CHANNEL LONGITUDINAL SLOPE (%) 1.5 HYD RADIUS 1.48 FT
MANNINGS "n" VALUE 0.035

CALCULATIONS (OQUTPUT)

COMMENT
FLOW CAPACITY (CFS} 189.4 0K
MEAN FLOW VELOCITY (FPS) 6.8
FREE SURFACE WIDTH (TOP WIDTH, FT} 18.0
TOTAL DEPTH OF CHANNEL (FT) 3.0
FROUDE NUMBER 1.6

RIPRAP REQUIREMENT

d>0 OF REQUIRED RIPRAP (IN) 3.4

*NOTE: ASSUMED SPECIFIC GRAVITY OF ROCK
USED FOR RIPRAP = 2.65



TABLE E-1

BUFFALO CREEK PIPELINE DIVERSION

Length = 6,700 ft (scaled from Plate 3-1)
Elevation difference = 1,217 - 890 = 327 ft
Slope (overall average) = AE/L = 4.9%

Pipe-full flow for various dia. pipes @ 4.97%*%

Pipe Diameter Flow (GPM)
8 inches 1,775

12 1inches 5,000

18 inches 15,000

*Reference: Driscopipe Design Manual produced by Phillips 66. See attached
nomograph.

Est peak monthly average flow for Buffalo Creek is 908 gpm

Est 100-yr storm flow < 180 cfs ( 81,000 gpm}
Est 10-yr storm flow is 3.5 cfs ( 16,000 gpm)

8 inch diameter pipe will work.

8 inch diameter gate valve should pass approximately 5 cfs or 2,000 gpm with
outlet control.
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TABLE E-2
RIPRAP SIZING

Assume Q = 180 cfs
channel width = 10 ft
Max slope = 33% (3:1)
Take n = 0.04

Using Manning’s Egn:

Depth of flow = 0.9 ft
velocity = 18 fps

From the Urban Storm Drainage Criteria Manual (Vol.

d50 = V X SO.l? ?
4.5 x (Ss-1)VF®

= 18 x  0.33%Y MWZ
4.5 x (2.65—1)'bb_J

= 2.4 ft (29")

Blanket thickness = 1.75 x dep = 4 ft

Granular bedding 8" of Type II material
Type II material gradation specification:

Sieve size % Passing
or dia. (in)
3" 90-100
3/4" 20-90
#4 0-20
#200 0-3

Riprap Gradation: (VH)

Dia. (in) % Smaller
42 100
33 50-70
24 35-50

9 2-10

2):



TABLE E-3

BUFFALO CREEK PIPELINE DIVERSION
ESTIMATION OF FREEZING DEPTH

FI* = freezing index 3,000 degree days for Palmer
u* = Surface freezing index = 0.5 ft for turf
air freezing index 0.33 for stripped soil
use 0.50

L* = Tatent heat = 144 (w) (xd)

sandy soils - L = (144) (0.07) (125) = 1,260 btu/ft?

silty soils - L = (144) (0.35) (80) = 4.032 btu/ft’
Ke** = thermal conductivity

sandy soils - ki = 2.5

silty soils - k; = 1.05

Stefan Formula*
x = freezing depth =/ 48 k, uFI\ /2

L
. ™ i
sandy soils - x = (48) (2.5) (0.50) (3000)
n 1260 B
= 12.0 ft
silty soils - x =|_(48) (1.05) (0.50) (3000) |!/2
- 4032 N
= 4.3 ft
* Cold Regions Engineering Short Course, June 14-17, 1984, Denver, Colorado,

by University of Alaska and University of Washington.

%k

Geotechnical Engineering for Cold Regions, by G.B. Anderstand and D.M.
Anderson, McGraw-Hi11 Book Company, New York, 1978.



FIGURE E-2

A. FREEZING INDEX, ALASKA

B. DESIGN FREEZING INDEX,
ALASKA

DATA IS GENERALLY FROX LOW-LYING
COASTAL AND RIVER VALLEY AREAS.
{T IS PROBABLY NOT VALID FOR
HIGHER ELEVATIONS,

Enwronmental Atgs of Aloskg 4/78

FREEZING INDICES FOR ALASKA

From Cold Regions Engineering Short Course, June 14-17, 1984, Denver, Colorado.
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HEIGHT CAPACITY CURVES
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APPENDIX G - STABILITY CALCULATIONS

G.1l General

Slope stability analyses were performed in accordance with the
Alaska Surface Coal Mining Control and Reclamation Regulations,
Mine Safety and Health Administration (MSHA) requirements and
proposed State of Alaska Dam Safety requirements. The most
conservative combination of these regulations required that a
stability analysis be performed on any structure impounding more
than 20 acre feet of water or having an embankment height of 20
feet or greater as measured from the embankment centerline to
either the upstream or downstream toe, whichever provides the
higher height. The stability of each berm was evaluated at the
maximum cross-section utilizing two-dimensional force-equilibrium
techniques. conditions that were considered in the stability
analyses included static and pseudostatic loading, rapid drawdown
from a maximum pool elevation, and critical pool elevations which
could potentially adversely influence the stability of upstream and
downstream embankment slopes. The stability of each overburden
stockpile and Topsoil Stockpile No. 1 were also evaluated. These
structures were evaluated for static and pseudostatic conditions

only since they will not impound water.

G.2 Material Properties

The material properties utilized for the stability analyses
were based on results of geotechnical laboratory testing, field
observations, and interpretations of probable strength
characteristics obtained from engineering literature. The material

properties are tabulated on each stability figure.



G.3 Seismological Considerations

The seismicity of the Wishbone Hill Project site was evaluated
on a preliminary basis using a seismic zone map of Alaska presented
in Safety of Existing Dams, Evaluation and Improvement, published
by National Academy Press in 1983. The map indicates that the site
is located in seismic zone 3 which incorporates most of south-
central Alaska between Fairbanks and Anchorage. An accompanying
table indicates that the peak ground accelerations in this seismic
zone are 0.4g and 0.2g for the Maximum Credible Earthquake (MCE)
and Operating Basis Earthgquake (OBE), respectively.

The peak ground accelerations for the Wishbone Hill Project
site were converted to pseudostatic earthquake coefficients using
correlations presented in the paper titled "Evaluation of Seismic
Effects on Embankment Dams" by Robert B. Jansen, presented at the
Hawail Dam Safety Conference in Honolulu on December 5, 1989. The
resultant pseudostatic coefficients range from 0.16g to 0.28g for
the MCE and 0.08g to 0.l14g for the OBE. Intermediate values of
0.2g and 0.1lg were selected for use in stability analyses in their
long~term, post-reclamation and operational configurations,

respectively.

For the stability analysis, a pseudostatic method of analysis
was employed to assess the performance of structures under dynamic
earthquake loads. A peak Operational Basis Earthquake (OBE) of 0.1
g was chosen as the pseudostatic coefficient. The use of this
pseudostatic coefficient is reasonable considering the hazard class

and relatively short life-span of the impounding structures.



G.4 Stabilitv Analyses Results and Conclusions

The stability was evaluated using judgement based on past
experience with similar facilities in conjunction with computerized
slope stability analytical methods. The computer program used,
PCSTABL4, was developed at Purdue University and is described in
detail by Carpenter in the PCSTABL4 User Manual published by Purdue
University in 1985. The circular (CIRCLE2) subroutine was used to
evaluate the stability of each facility. Each facility was

evaluated for static and pseudostatic loading conditions.

The results of the stability analyses indicate that all pond
embankment structures will be stable under each condition
evaluated. The analyses also indicate that the overburden and
topsoil stockpiles will be stable under the anticipated static and
pseudostatic loading conditions. As these facilities do not
impound water the rapid drawdown and critical pool conditions do
not apply and have not been evaluated for the stockpiles. The
factors of safety achieved for the static and pseudostatic analyses
on the overburden and topsoil stockpiles compare favorably with the
minimum values of 1.2 and 1.0, respectively, as recommended by the

U.S. Forest Service 1in their document titled Dump Stability

Performance Obijectives and Evaluation Standards. Summaries of

calculated factors of safety are presented on Figure G-1 through
G-12.

The factors of safety achieved for static and pseudostatic
analyses compare favorably with the minimum values of 1.5 and 1.0
recommended by the U.S. Army Corps of Engineers for static and
pseudostatic embankment stability, respectively (Corps of
Engineers, 1970). The minimum recommended safety factor of 1.2 for
rapid drawdown was met or exceeded by all but one of the embankment
structures. The exception was the upstream face of the large berm
on the east perimeter of the slurry pond, which achieved a minimum
static factor of safety of 1.1 for drawdown conditions. This

factor of safety was determined to be acceptable for this structure



based on the very low probability of occurrence of any significant
drawdown during operation of the slurry pond. The presence of
settled coal fines behind the embankment further reduces the
potential for rapid drawdown conditions and acts to buttress the
upstream faces of all the slurry pond embankments.
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